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Abstract
Water banking is a proven water management strategy that facilitates the voluntary
temporary reallocation of water from willing sellers to willing buyers. In exchange for
compensation, farmers (sellers) may choose to allow their irrigation water to be
reallocated to cities, towns, industries, and tourist hotels (buyers) that are in need. We
have studied the application of water banking concepts to the water management of the
island of Cyprus. The Republic of Cyprus is currently facing significant water scarcity
problems. Water banking is a new idea in the area. We propose that an emergency
drought water bank encourages farmers to become part of the solution to the water
problems on the island. The Cypriot government is currently turning to desalination of
seawater to meet its water supply needs. This process offers a reliable but very expensive
source of water. The water from the most recent desalination contract will cost the
government more than CYE 61 million in total over the next ten years, assuming that the
price of oil does not rise. In order to minimize the cost of water resources development,
we propose forward-thinking policies such as water banking to reduce the need for
additional desalination plants. This thesis details the goals, structure, and operational
strategy for a water bank in Cyprus. We recommend that the Government seriously
consider the immediate application of water banking. A small-scale pilot project in a
single irrigation district would allow the concept to be validated in the field. Water
banking holds great promise as a means of helping to provide Cyprus with the water it
needs for continued growth and prosperity.
Thesis Advisor: Prof. Andrea Rinaldo
Title: Professor of Civil and Environmental Engineering
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CHAPTER 1: INTRODUCTION
Water is arguably the most precious natural resource in Cyprus. Recent scarcities have
made water resources management one of the highest priority issues facing the Republic
of Cyprus today. The tenuous nature of the water supply was made painfully evident in
1998. In hydrologic terms, 1998 was the worst year ever recorded. .Not only was the
total rainfall for the year extremely low, but the previous three years had also been very
dry. As a result, available water supply dropped to an all-time low at the same time as a
growing economy was demanding more and more water. Rationing of supplies to the
cities meant that water came to homes in most areas only two or three times a week.
Many farmers had their allocation of irrigation water severely curtailed or stopped
altogether. By the end of 1998, the majority of the surface reservoirs in Cyprus were
virtually empty, and groundwater tables were dropping dangerously toward or even
below sea level.
It cannot be said that this situation came about due to a lack of expertise on the part of the
Cypriots. Surface water storage in the Republic of Cyprus has been developed to
virtually the fullest practical extent. The massive Southern Conveyor System is perhaps
the best example of Cypriot engineering skill. This system of reservoirs, pipelines, and
pump stations collects water from areas of relative abundance in the mountainous
southwest. This water is then conveyed and distributed to the drier areas of the eastern
coast and central plains. The Cypriots have also made remarkable strides in the use of
efficient irrigation technology. The vast majority of irrigation systems use pressurized
drip pipes or mini-sprinklers which have efficiencies of 80 - 85%. Yet in 1998 there was
simply not enough water to go around.
One concept that has not been studied yet for dealing with water scarcity in Cyprus is
water banking. Water banking is a management technique which facilitates the
reallocation of water from one user to another during times of scarcity. There are many
forms of water banks, but generally reallocation decisions are voluntary and based on
market forces. If a user with a certain water allocation is able to profit more from the sale
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of water than from the sale of the product he or she is producing with that water, it is in
that user's best interest to sell or lease his or her allocation of water. Likewise, if another
user can afford more water than is available, it may be in his or her interest to try to
acquire additional allocation rights. Water banking is a way of bringing the user who
wishes to sell together with the user who wishes to buy. The basic concept behind water
banking in Cyprus is that, in times of drought, water could be temporarily reallocated
from agricultural to domestic users. Domestic, industrial, and tourism users would be
likely to be willing to pay for additional water if it could be made available while farmers
might be willing to voluntarily forego irrigation of certain low-value crops if sufficiently
compensated. Such a water bank would be normally activated over the course of a full
irrigation season. The Water Development Department (WDD) would administer any
transfer of water and compensation of farmers.
This report makes the case for water banking in Cyprus. Chapter 2 presents the
background and physical conditions which underlie the water scarcity problem in Cyprus.
Chapter 3 covers how water banks have been successfully applied elsewhere in the world
under similar circumstances. Chapter 4 discusses the specific mechanisms for
implementation of a water bank in Cyprus. A model for water banking in Cyprus plus
the results from numerous computer simulations are contained in Chapter 5. Finally, the
conclusions of this study are presented in Chapter 6, along with specific
recommendations for the implementation of a Cypriot Emergency Drought Water Bank.
This report is intended as a policy tool for the use of water resources decision-makers in
Cyprus. Data has been gathered from a variety of sources and every attempt at accuracy
has been made. However, it is clear that many of the parameters used in the water bank
model may be somewhat debatable due to inconsistencies in the data available from
various reports. Estimates of water supply and demand varied among many of the source
documents which were used in preparing this report. While the precise figures may be
somewhat different, it is felt that all of the quantities used in this report are of the right
magnitude to allow comparisons to be made and conclusions to be drawn. It is intended
that water resources planners in the WDD and other agencies will be able to use the
12
procedures and models presented by this report to perform more refined analyses of water
bank implementation in Cyprus.
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CHAPTER 2: BACKGROUND
2.1 Location and Physical Description
The island of Cyprus is located in the northeastern part of the Mediterranean Sea, some
70 kilometers south of the coast of Asia Minor (Figure 2.1). The island lies between
latitudes 34'33' and 35'41' North and between longitudes 32'30' and 34'35' East. The
total area of the island is 9,251 square kilometers with a length of approximately 222 km
and a maximum width of approximately 95 km. The coastline is irregular and is 782 km
long. Cyprus is the third largest island in the Mediterranean Sea.
Figure 2.1: Map of the Mediterranean Sea Showing the Location of Cyprus
The altitude ranges from sea level to the peak of Mt. Olympus at elevation 1,957 m. The
coasts are in general low and shelving. Sandy beaches bounded by dunes do exist, but for
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the most part the shores are rocky or stony. The principal physiographic features of
Cyprus are two main mountain ranges separated by a wide sedimentary plain called the
Mesaoria. The Kyrenia Mountain Range runs along the northern coast and extends
towards the Karpas Peninsula - the "panhandle" of Cyprus. The Troodos Range is in the
south-central part of the island and is visible from most of the island. Mt. Olympus is
located in the Troodos Range (Solsten 1991, xiv). A map of the island of Cyprus is
shown in Figure 2.2.
Cape Apo sloeAodisas II
Cape Kormakti
Cape Gfeco
UK Soerign
Base Area
Cyprus
* National capital
Road
District boundary
0 10 20KIlomteris
0 10 20 Mmes
SouncAa'y teprese.,laton is
not necessariy aouhorts!Iv
Cape Gala
Figure 2.2: Map of Cyprus
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2.2 Geology
In contrast to many of the neighboring karst islands of the Mediterranean, the geology of
Cyprus is highly variable and complex. In general, approximately 80% of the island's
surface geology is composed of calcareous sediments while the remaining 20% is formed
from basic igneous rocks. The northern mountain range is mostly limestone and marbles
with scattered basaltic sills and dykes. The southern Troodos Range is an igneous range
with a variety of rock types. This range is bounded by white chalky marls and limestone.
Some of the oldest known copper mines in the western world are located on the slope of
the Troodos Range. The wide central plain was originally part of the ancient sea bed,
but it is now overlain by recent alluvial deposits eroded from Pliocene and Pleistocene
crusts and the nearby mountains. The sedimentary rocks of the central plain include
calcareous sandstone, marls, and conglomerates.
The soils on Cyprus are likewise varied due to the numerous parent rocks. In general, the
soils are thin and subject to heavy erosion during the intense winter rains. The central
Mesaoria plain is the most fertile area and receives newly eroded silts each year during
peak runoff period. The long history of human habitation on Cyprus has led to extensive
modification of soils in many areas due to agriculture and forestry. (Thirgood, 1987, 23-
27)
2.3 Climate
The climate in Cyprus is typical of the Mediterranean area. The summers are hot and
dry, and the winters are mild and relatively wet. The average maximum summer
temperature is 350 C in August and the average minimum winter temperature is 9' C in
December. The warmest temperatures are recorded at lower elevations while the cooler
temperatures occur in the mountain ranges. Intermittent snow is not unusual on the
slopes of the Troodos Range during the winter. (Lytras, 1994)
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Precipitation is highly variable over both elevation and time. The average annual rainfall
over all of Cyprus is estimated between 470 mm to 515 mm. Average annual rainfall
varies between 250 mm per year in the Mesaoria Plains to 1100 mm per year on the
peaks of the Troodos Range. The isohyetal lines of equal rainfall roughly correspond
with elevation contours producing higher average rainfall as elevation increases.
Temporally, the majority of rainfall comes from late October to early May. On average,
half of the average precipitation falls during December and January. (Tsiourtis, p. 79).
Estimates of the total average precipitation volume which falls on Cyprus each year range
from 4,500 million cubic meter (MCM) per year to 4,650 MCM per year. (Ministry of
Agriculture, 1998)
2.4 History
The history of Cyprus is long and distinguished. Neolithic cultures existed in Cyprus as
early as 6000 BC. Remnants of these societies may now be found in the Museum of
Antiquities in Nicosia. Almost 5,000 years ago, copper was first discovered on the
island, in fact the Greek word for copper is Kypros. Copper and timber resources, along
with Cyprus' strategic location along the maritime trade routes, drew the interest of many
foreign powers. Indeed throughout history Cyprus has been subject to invasion and
colonization by a host of civilizations and empires. A list of powers which have played a
part in Cypriot history includes the Hittites, Egyptians, Greeks, Phoenicians, Romans,
Byzantines, Arabs, Franks, Venetians, Turks, and British. It was not until a mere four
decades ago that Cyprus was actually ruled by Cypriots.
Cyprus has been host to some of the most important personalities in the history of the
Western world. Alexander the Great occupied the island in 333 BC. Cicero was sent as a
Roman governor. St. Paul visited the island in 45 AD. Richard the Lionhearted stayed
several years while returning from the Crusades. Of particular importance to the history
of Cyprus was the establishment of the Orthodox Church in the 5 th Century AD and
conquest by the Turks in the late 16 th Century. These last two events are among the keys
to the current social and political situation on the island. (Thurgood 1987, pp. 3-16)
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The recent history of Cyprus might be said to begin when the British took control of
Cyprus from the Ottomans in 1878. Many Cypriots fought alongside the Allies during
the Second World War and expected independence after the war was won, but Britain
was reluctant to leave Cyprus. In 1955, an armed liberation movement began and Cyprus
became an independent Republic, although the British did retain several Sovereign Base
Areas on the island. Development in Cyprus advanced rapidly after-independence, but
tensions between the ethnic Greek and Turkish communities were continually a concern.
In 1974, a coup was staged by a military junta. During this period of crisis, Turkey
landed large numbers of troops on the northern part of the island and invaded. The
resulting war left the island divided with Turkish occupation of the north and
Government of the Republic of Cyprus control of the south. A UN peacekeeping force
now patrols the cease-fire line. (Solsten 1991, pp.23-45)
This report and proposal deals only with water resources in the government-controlled
areas of the Republic of Cyprus. The water resources of the island are inseparable, but
the de facto division of the island has led to the separate development of water
infrastructure and usage.
2.5 Society
The current total population of the island of Cyprus is approximately 746,000. The
population living in the government-controlled part of Cyprus is 654,000, while the other
90,000 reside in the occupied area. These figures do not include approximately 90,000
persons who have settled in the Turkish-occupied areas since 1974. The capitol of the
Republic of Cyprus is Nicosia which is located in the lowland plains in the center of the
island. Other large cities include Larnaca, Limassol, and Paphos. Famagusta and
Kyrenia are in the occupied area. Approximately 70% of the southern population live in
urban areas. For administrative purposes, Cyprus is divided into six districts. Nicosia,
Larnaca, Limassol, and Paphos are in the government-controlled area while Famagusta
and Kyrenia are not. (Planning Bureau, 1997)
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2.6 Economy
The unit of currency in Cyprus is the Cypriot Pound (CYE). The exchange rate fluctuates
around two US Dollars per Cypriot Pound. The Gross Domestic Product of the Republic
of Cyprus in 1997 was CYE 3.48 billion (US $ 6.96 billion). The primary sector of the
economy, including agriculture and mining accounted for 4.7% of the economy. The
secondary sector, including manufacturing and construction, accounted for a further
22.5%. The remaining 72.8% of economic production was produced in the tertiary
sector, which includes tourism, transport, finance, and services. (www.kypros.org). Of
all economic activities in Cyprus, the single largest industry is tourism. On average, over
two million tourists visit Cyprus every year.
The standard of living in Cyprus is relatively high. The average per capita yearly income
is CYE 6,700 (US$ 13,400). Unemployment and inflation have both been relatively low
recently with rates of 3.1% and 3.0% respectively. (www.kypros.org)
2.7 Water Resources
Cyprus is an island. This inescapable fact defines Cyprus' water resources situation.
Ultimately, the only naturally available fresh water comes or came from precipitation
which fell from the skies onto the island. Even groundwater is related to precipitation
since at some point in the past it infiltrated down from the surface, and the aquifers can
only be recharged from the surface. Desalination has recently become an option to
enhance water supply, but it is expensive and currently production rates are small.
The total average quantity of precipitation which annually falls over Cyprus was
calculated based on average annual precipitation and total surface area. This quantity
does not however represent the actual annual total available volume of fresh water. The
climate, vegetation, and soil all combine to produce a yearly evaporation rate of more
than 80% of precipitation. Thus for every 100 cubic meters of rain which falls on
Cyprus, more than 80 cubic meters of water returns directly to the atmosphere without
the possibility of human usage. A commonly stated figure for average annual "usable"
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water is 900 MCM. Of this amount, approximately 600 MCM is in the form of surface
water. Dams divert 190 MCM of surface water, another 150 MCM is diverted directly
from rivers, and the remaining 260 MCM flow straight to the sea. Groundwater accounts
for the other 300 MCM. Currently 270 MCM is estimated to be pumped or extracted
from springs while 70 MCM flows to the sea. The total annual average amount of fresh
water currently available for use throughout the entire island of Cyprus-is thus 650 MCM.
An estimated 40 MCM of this quantity is thought however to be overpumping which
results in the unsustainable "mining" of groundwater. Only 63% of the land area of
Cyprus is controlled by the government of the Republic of Cyprus, so straight linear
extrapolation would suggest average freshwater diversion and extraction of 385 MCM in
the government controlled areas of the island. Government estimates state that overall
agricultural water demand is 193 MCM per year while municipal, industrial, and tourist
demands sum to another 55 MCM. The total demand is thus 248 MCM per year, or
about 65% of that suggested by the water balance. Yet water is scarce in Cyprus, either
due to periodic droughts, overestimation of supply, or both.
2.8 The Southern Conveyor Project
The Water Development Department (WDD) began planning the large-scale
development of water infrastructure in the 1960's after the nation gained its
independence. These plans included five major schemes to interconnect and form a
complete loop around the island with the Troodos mountains in the center. This loop
would allow any local excess of water to be distributed to areas with shortages, which are
to be expected due to the large variability of rainfall across the island. The plans also
proposed the construction of many dams to increase the surface water storage
dramatically. The slogan to summarize this new policy was stated as "not a drop of water
to reach the sea."
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Table 2.1: Urban and Rural Centers of the Southern Conveyor Project
NicosiaUrban
Centres
Rural
Centres
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
Limassol
Episkopi
Kolossi
Erimi
Kandou
Phinikaria
Moutayiaka
Ayios Tykhonas
Parekklisha
Pyrgos
Moni
Monagroulli
Pendakomo
Asomatos
Trakhomi
Amathus Dev.Area
Episkopi
Akrotiri
Berengaria
Kato Polemidhia
Ypsonas
Larnaca
Aradhippou
Klavdia
Trersephanou
Kiti
Pervolia
Meneou
Dhromolaxia
Kalokhorio
Livadhia
Voroklini
Mazotos
Alethriko
Pano Lefkara
Kato Lefkara
Vavla
Zygi
Kalavasos
Maroni
Psematismenos
Covernor's Beach
Marj
Menoyia
Kofinou
Anafotia
Agglisides
Kivisili
Kelia
Famagusta
Pyla
XyTotymbou
Xylophaghou
Ormidhia
Avgorou
Liopetri
Paralimni
Phrenaros
Dherinia
Sotira
Ayia Napa
Akhna (Akhna Forest)
Vrysoules
Ayia Thekli
E.A.C. Area
Dhekelia
Ayios Nicolaos
Troulli
Notes:
1. For convenience, the Larnaca villages of Pyla, Xylotymbou, Xylophagou and Ormidhia are
included under Famagusta Area. Similarly, the Larnaca villages of Kornos, Pyrga, Mosphiloti
and Psevdas are included under Nicosia Area.
2. The suburbs and adjacent villages included in the urban centers are given below
Nicosia: Eylenja, Kaimakli, Ayios Dhometios, Engomi, Strovolos and Pallouriotissa. The
Turkish occupied sector of Nicosia is also included as it receives water from the same
sources.
Limassol:Ypsonas, Polemidhia, Ayia Phyla. Ayios Athanasios, Mesa Yitonia, Yermasoyia,
Potamos tis Yermasoyias and the SBA married quarters of Berengaria.
Larnaca: Aradhippou
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I Nicosia Area Limassol Area Larnaca Area I Famagusta Area
Lymbia
Pyrga
Kornos
Psevdas
Sha
Mosphiloti
Alambra
Nisou
Perakhorio
Dhali
Yeri
Laxia
Xeri
Lythrodhontas
Lakatamia
Anthoupol is
Mammari
Dhenia
I Nicosia
nIEoU
KHIROKMA
ARMFHINARIO AODM
DAM I
-DIVERSION
DIVEPZON A KOURIS DAM PRKU
Figure 2.3: Map of the Southern System Project SCP
The above map includes a schematic of the Southern Conveyor Project SCP with the
general direction of flow from West to East. Kouris Dam is shown as the principle source
because it has the largest capacity at 115 MCM and height at 110 m. This earthfill dam
was constructed in 1988. The total surface water storage for the SCP is 176 MCM and the
bulk of these dams were constructed in the 1980s. The Southern conveyor proper consists
of a ductile iron pipeline of 1.8 m diameter and 100 km length. The Dhiarizos diversion
tunnel is 14.5 km long, while the Tersephanou-Nicosia conveyor is 36.5 km in length.
The dam structures are very impressive partly because they are newly constructed and
partly because of their massive dimensions including the spillways designed for
maximum probable flood. The entire scheme is monitored and controlled by a modem
System Control And Data Acquisition (SCADA) system from the Water Development
Department WDD headquarters in Nicosia. The important parameters like reservoir
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isso/ 10
levels, pipeline flows and pressures are recorded. Restrictions on supply are activated by
the automatic closing of valves on reservoirs reaching 'shut-off levels.
The relatively new Dhekelia desalination plant is not shown, but is located to the east of
Larnaca in the bay and after expansion, the plant now has the capacity to supply 40,000
m3/day of potable water extracted from the Mediterranean Sea. It is connected to the
Tersephanou -Nicosia conveyor just downstream of Khirokitia Treatment works. The
desalination plant receives power from an adjacent oil-fired power plant for all but 3
hours a day. Between 5 and 8pm the peak domestic energy demand forces a short daily
shutdown. A second desalination plant is to be constructed in the year 2000 with the same
capacity, thus doubling the supply from the saline source.
Limassol has a newly constructed sewage treatment works capable of tertiary treatment
located 15 km east of the city. It is currently operating below its full capacity as only a
small percentage (10%) of the town's sewage is connected to the main interceptor rising
main and only 3.5 MCM of tertiary treated sewage is now produced. Connection to the
main sewer has been impeded by of the age of the city and its buildings and the
narrowness of its streets. This water has gained acceptance for agriculture in the last
several years and is used strictly for agricultural purposes. A new sewage treatment
works at Nicosia is being planned and will increase the water available for reuse
substantially (World Bank, 1996).
Previous to the construction of the SCP, land was irrigated to a lesser extent using
groundwater pumps. These pumps are generally still in operation, but are costly to
operate because of the relatively large drop in water table levels. The irrigation water
supplied by the WDD is cheaper. The total available storage in the aquifers in the SCP
regions greatly outweighs the surface water storage, but the introduction of higher lift
pumps in the last few decades has facilitated extreme mining of the groundwater so that
the SCP is practically a surface water supply system at this stage. There are currently no
measures being taken for controlling the evaporation from the reservoirs and the total loss
is calculated at 6 MCM/year.
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The irrigation areas developed to date are listed in Table 2.2.
Table 2.2: Irrigation Areas in the Southern Conveyor Project
Government Irrigation Scheme Area (ha)
Akrotiri 2298
Larnaka 498
Kokkinokhoria-Famagusta 4169
Kokkinokhoria-Lamaca 1167
Vasilikos 614
Non-Government Irrigation Scheme Area (ha)
Yermasoia 3496
Larnaca 1706
Other 1825
2.9 Other Projects
Apart from the SCP a number of other major water resource developments have taken
place recently. The first to be mentioned is the Paphos Irrigation Project which receives
most of its supply from the Troodos mountains also. The irrigated area developed in the
region around Paphos is only 5,000 ha, so that there has been an excess of water here
during years when severe drought has been experienced on the East Coast. Naturally
preliminary designs of a connection between the Paphos system and the SCP have been
undertaken for costing purposes, but there are no proposals to begin this contract as yet.
The town of Paphos is supplied from wells pumping an aquifer that is recharged adjacent
to Asprokremmos dam (capacity 51 MCM).
Also on the West Coast is the Khrysokhou Irrigation project which is smaller than the
Paphos system with an irrigation area of 3,100 ha.
25
2.10 Drought
Based on the average values of rainfall and runoff described above, Cyprus should not
have a water scarcity problem. The problem is that over time, about half of the measured
values of rainfall and runoff will be below the averages. Moreover, historic data
indicates that rainfall over Cyprus is extremely variable so the actual amount of available
water may be significantly below the norm in any given year or series of years. Several
consecutive years of rainfall which are significantly below normal can lead to drought
conditions. The construction of surface water reservoirs was meant to provide a certain
amount of resilience to the water resources system during low rainfall years by creating
multi-year storage; however, the total storage volume of all reservoirs in Cyprus is only
303 MCM. When compared to the estimate of a total demand of 248 MCM per year, it is
apparent that water supplies could become scarce after only a few consecutive years of
poor rainfall.
Most recently, low rainfall in the years from 1996 to 1999 have produced drought
conditions in Cyprus. In the last four years, annual rainfall has been less than 400 mm
per year. At the end of March 1998, storage levels in Cypriot reservoirs were at an
historic low. The total reservoir storage was only 38 MCM, or 14% of capacity
(Socratous, 1998), and the situation became worse later in the year. The drought has
caused a variety of problems for Cyprus. Water allocations have had to be severely
curtailed to agriculture, municipal, industrial, and tourist users. Rationing to cities was
instituted such that water was only delivered once every three days to cities and towns.
Irrigation water to seasonal crops was almost completely restricted, and water allocated
to permanent crops was reduced to close to the absolute minimum level needed for
survival. There are many consequences of such reductions in water supply. Domestic
users must contend with the inconvenience of intermittent and limited water. Hotels must
restrict landscaping activities and ask tourists on holiday to be conscious of water usage.
Business and industry may be required to reduce production. All of these users may also
choose to supplement their own individual supplies at a significantly higher cost through
purchases from private water vendors. Agriculture suffers even more during such times
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of severe shortage because crop yields are significantly or completely reduced. Potato
exports in 1995, before the drought, totaled CYE 44,300,000, but by 1997 exports had
fallen to CYE 8,400,000 - an over 80% reduction. It is interesting to note however that
over the same period the value of citrus exports actually increased by CYE 1,300,000,
from CYE 16,000,000 to CYE 17,300,000. (Cyprus Planning Bureau, 1997) Water
scarcity also constrains growth and new development in all sectors of the economy.
Water scarcity is very real in Cyprus. Droughts of three or more years must be expected.
During these extended droughts it must be assumed that demand for water will certainly
exceed supply. Extraordinary measures will be required of the Water Development
Department, farmers, and all other citizens of Cyprus in order to properly manage water
during these periods of drought. Innovative ideas will be needed to cope with such
severe water scarcity.
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CHAPTER 3: CONCEPT OF WATER BANKING
The previous Chapters have shown that many of the potential solutions to water scarcity
in Cyprus have either been implemented to their fullest extent or are not feasible. There is
however one new concept which has not yet been applied in Cyprus. This is Water
Banking. Water banking is a means of reallocating water via existing supply
infrastructure so that it can be either used to satisfy high priority demands or stored for
future use.
The large-scale use of water banking is a relatively new water management tool. For
example, in the United States the concept has only been widely applied in the last several
years. The idea has gained interest as the opportunities for building additional water
supply infrastructure have decreased. Water banking is a legal concept as much as an
engineering idea because it involves the transfer, either temporarily or permanently, of
water rights. It is therefore necessary to have a basic understanding of water rights law.
In the United States, there are two types of water rights law. Riparian law gives water
rights to individuals or entities who are physically adjacent to water sources. A water
user who abuts a lake or river has rights to the use of a certain amount of water from that
body. This form of law is generally applicable in the eastern United States. Prior
Appropriation law gives priority rights to those water users who can establish a history of
beneficial use of water from a particular source. The quantity of water a user is entitled
to is connected to that user's prior level of extraction. This form of law is usually
applicable in the western United States (Chow, 1964, sec. 27 p.4-19). In Cyprus, an
individual's right to water is significantly more limited. There is a variety of actual
legislation which deals with water and has its basis in the Constitution of the Republic of
Cyprus. These laws state that "All surface water, groundwater, and wastewater is vested
to the Government which has the power to construct waterworks and undertake their
management" (World Bank, 1995, p. 10). While individuals and other entities may apply
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for permits to construct wells and extract groundwater, the government legally has the
right to restrict either of these activities and maintains ownership of the water.
Presently there are four states in the U.S. which are actively involved in water banking:
Arizona, California, Idaho, and Texas. There is also some interest in water banking in
Europe and Australia (CDWR, Oct. 1995). The water banks in each of these places are
structured in different ways, according to the particular needs and conditions of the area.
In general, there are two different types of water bank which respond to different
extremes of hydrologic conditions.
3.1 Savings Bank
One type of water bank might be referred to as a savings bank. This concept is applied
when there is a temporary general surplus of water in an area. Arizona now operates a
water "savings" bank in order to store surplus water which would otherwise be lost. The
Arizona Water Banking Authority (AWBA) was created by the state government in order
to take full advantage of all the water to which Arizona is legally entitled. The State of
Arizona has rights to 3455 MCM of water from the Colorado River in any normal
hydrological year as agreed to by the United States Bureau of Reclamation USBR;
however, Arizona does not currently use its full allotment of water. In 1998, Arizona's
level of demand for irrigation and municipal and industrial (M&I) uses was only 2764
MCM. The remaining 691 MCM of water remained in the Colorado River and flowed
downstream towards California. At current levels of growth, it is projected that Arizona
will not use its full allocation of Colorado River water until the year 2030. During the
interim, a total of approximately 17275 MCM would flow out of Arizona without ever
having been used (AWBA, 1999, p. 1).
The AWBA extracts water from the Colorado River during those years when demand is
less than the total amount of water available to Arizona. The water is then transferred via
existing water conveyance infrastructure to other areas of the state and pumped into the
ground. Groundwater aquifers are used as underground storage facilities where water can
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be kept until needed during a drought. Excess water is also provided to farmers to be
used in lieu of groundwater in order to reduce the pumping and encourage natural
recharge. Arizona is thus saving otherwise unused water, which can be pumped out of
the ground to augment supply in years when demand exceeds available surface water.
3.2 Lending Bank
The other type of water bank might be termed as a lending bank. This type of bank is
generally used when water demand exceeds supply. Under this scheme, water users with
access to some excess water (sellers) make short-term "loans" to users who do not have
enough water (buyers). The water buyer pays the water seller for the use of the water. In
this way, market forces are used to efficiently allocate a scarce resource. Those who are
willing to pay an increased price for water can obtain additional supplies.
Texas and Idaho both have "lending" water banks operated by the state governments.
These two water-banking agencies work to assist in the voluntary marketing of water
rights among willing buyers and sellers. These banks do not generally actively seek to
acquire water but rather function as a clearinghouse for information and a facilitator of
water lending transactions. These banks help individuals or organizations with excess
water find buyers to whom they can sell or lease their water rights. They do this by
maintaining registries of willing buyers and sellers of water. The information in the
registries includes the name of the interested party, the quantity of water, the location of
supply or demand, and the terms of transfer. Water to be transferred can be in the form
of water diverted from a river, extracted from groundwater aquifers, or released from
reservoir storage. Both the Texas and Idaho water banks receive a percentage fee on each
completed transaction to cover administrative costs (TWDB, 1998 and IWRB, 1998).
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3.3 California Emergency Drought Water Bank
The State of California has the most experience with large-scale "lending"-type water
banking. The State Water Project (SWP) is the largest state-built, multipurpose water
project in the United States (CDWR, 1996, p. 1). As of 1990, during a year with average
or above-average rainfall the SWP was capable of delivering 3455 MCM of water
(California Water Plan 1994, Chapter 11). At the start of 1991, California had already
endured four drought years and was facing another dry winter. The California State
Department of Water Resources stated that the State Water Project (SWP) would deliver
only 10% of requested domestic water demand and no water to agriculture (CDWR, ref
#66). Other local, state, and federal water agencies, including the U.S. Bureau of
Reclamation (USBR), were in a similar situation. In February of 1991, the Governor of
California established a Drought Action Team to develop and implement emergency
policies and plans to deal with the water shortage. Within two weeks the Team had
recommended the creation of the California Emergency Drought Water Bank. The
identified goals of the Water Bank were to provide supply for the following four critical
needs (CDWR, ref #13, p.2):
1. Municipal and industrial uses
2. Agricultural uses (protection of permanent crops, etc.)
3. Minimum flows for the protection of fish and wildlife
4. Carryover storage for the following year (1992).
In order to achieve these objectives, the Water Bank was given the authority to purchase
water from willing sellers and re-sell it to entities with critical needs. The California
Emergency Drought Water Bank of 1991 differed from the water banks in Texas and
Idaho in that it actively sought out water sellers and purchased water from them directly,
using State funds. The water was then re-sold by the Water Board to buyers who paid the
cost of the water plus a transaction fee and delivery costs. Sellers could make water
available to the Water Bank in one of the following ways (CDWR, 1993, ref #16, p.4):
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1. Fallowing farmland (i.e. not planting or not irrigating a crop) and
transferring conserved water to the Bank
2. Shifting to crops that consume less water
3. Using groundwater instead of surface water and selling the surface water
4. Direct delivery of groundwater
5. Conserved water through demand reduction
6. Transferring water stored in local reservoirs to the Bank
The idea behind fallowing and crop shifting is that water formerly used to irrigate
agricultural crops could be temporarily diverted to supplying M&I demand. Farmers
could sell their water rather than the crops they would have grown using this water. This
was possible because the cost of irrigation water to farmers was so low that they could
irrigate low-value crops. Drought-stricken cities were willing to pay a very high price for
water which would otherwise be unavailable. The average price for irrigation water in
the State Water Project SWP and in USBR's Central Valley Project (CVP) is
approximately $0.002/m3 while cities in California pay up to $0.08/m 3 for untreated
water. The products produced by agriculture have lower value-added to water consumed
ratios than M&I uses do. Therefore cities could in effect afford to buy out a farmer's
entire crop before it was even planted in order to gain the use of the water which would
have been used to grow that crop. The fallowing option requires planting no crop at all
on irrigated land. This allows a recovery of all of the water consumed by the crops.
Problems may arise when a portion of the transferred irrigation water normally would
have recharged the groundwater, as this may create a new deficit elsewhere. Crop shifting
involves planting a crop that does not need irrigation or a crop which needs less irrigation
water. This allows a full (in the former case) or partial (in the latter case) recovery of
consumed water.
Groundwater substitution provided farmers with incentives to irrigate crops with
groundwater from beneath their farms rather than with surface water from the SWP or the
CVP. The surface water conserved in the system could then be transferred to cities or
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other buyers. Groundwater could also be pumped directly into the distribution system in
order to augment supply.
Conserved water is produced by improving the efficiencies in water distribution and
usage systems. If more efficient methods of irrigation, such as drip irrigation, are
substituted for inefficient techniques, such as large diameter sprinklers, then less water is
needed to produce the same crop yield. The difference in usage is counted as conserved
water and may be transferred to other users.
Transfers of water from reservoirs involve the taking of water from reservoirs that
normally do not input water into the SWP system. The reservoir owners or operators
who have water remaining in their storage facilities could choose to sell their water to the
State rather than use the water for its otherwise normal purpose (irrigation, power
generation, etc.). If a water-rights holder had excess water in storage, he or she could
sell that water for profit, but incur the risk that the reservoir might not re-fill in the next
year.
The "type" of water transferred was categorized for all water transfers. This was
important in ensuring that water sellers actually had the rights to the water they were
intending to sell. This was also vital in the determination of prices offered by the Water
Bank to the sellers. Water transfers were divided into the following categories (CDWR,
1993, ref #16, p.3):
1. New Water: Water not previously available to the system, created by
reducing irrecoverable losses. Only "New" water actually increases the
total amount of water available within the system. Lining of a canal in an
area where there is no groundwater use is an example of the creation of
"New" water.
2. Real Water: Water transferred within the system that does not impact on
any lawful user other than the seller. Water produced by fallowing
cropland is an example of "Real" water.
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3. Paper Water: Water proposed for transfer that does not actually help to
satisfy more demands. The transfer of "Paper" water to satisfy a demand
in one area would create a deficit in another area. An example of "Paper"
water would be the transfer of water which would have otherwise
remained in a channel and used by a downstream appropriator. The Water
Bank did not buy paper water because it would cause negative
externalities to be imposed on the downstream user or require the purchase
of more water to compensate the downstream user.
One of the most important and difficult decisions to be made by the Water Bank was the
purchase price for water. In 1991 the Water Bank concentrated on purchasing water from
fallowed farmland; therefore the price was based on potential profits to be derived from
farming of irrigated crops. "The intent was to offer a price that would yield a net income
to the farmer similar to what the farmer would have earned from farming plus an
additional amount to encourage the farmer to enter into a contract with a new and untried
Water Bank." (CDWR, 1991, ref #13, p.3) Due to the emergency nature of the 1991
Water Bank, it was decided to offer a single price for all water purchased by the Bank
regardless of source. A price of $0.10/m 3 was arrived at somewhat arbitrarily after
considering input from agricultural economists, farm extension agents, and others. Based
on this price for water, a unit area contract price was then established for fallowing of
various crop types. This was done by multiplying the average irrigation requirements per
unit area of a particular crop by the unit price of water to be paid by the Water Bank.
Unit Area Price for Fallowing ($/ha) = (3-1)
Unit Purchase Price of Water ($/m 3) x Water Use of Crop Per Unit Area (m3/ha)
For example, farmers were paid $182/ha for fallowing alfalfa because each hectare left
un-irrigated was assumed to make available 4319 m3 of water (CDWR, 1991, ref #13,
Table 3). Compliance with the terms of the fallowing contracts was closely monitored
using aerial photographs and site visits. The contracts contained clauses covering
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liquidated damages in the case of violation of the terms of the agreement, i.e.
unauthorized irrigation.
Payments on contracts for groundwater substitution or direct pumping were made based
on actual quantities pumped. Meters were placed on the pumps at the boreholes and read
by Water Bank personnel or others. Observation wells were also monitored to ensure
that groundwater pumping did not adversely impact other parties. Water from reservoir
storage withdrawals was paid for based on actual releases as gauged by standard
methods.
Once the Water Bank acquires water rights from water sellers, the next step is to allocate
the water to the interested buyers and then to deliver the water. Interested buyers filed
requests for water detailing the amount of water needed and the purpose for which the
water would be used. It was expected that the demand for water from the Bank would
exceed supply; therefore a list of priority allocations was established:
1. Emergency needs such as health and public safety
2. Critical needs such as urban areas with less than 75% supply; permanent
or high value agricultural crops, and fish and wildlife resources
3. Other critical needs such as carry-over storage for the first few months of
the next year
4. Additional water for communities without critical needs but who require
water to reduce significant economic impacts due to limited water supply
5. Carry-over storage for all of the following year
The selling price of water from the Bank was set at $0.14/M3. The additional $0.04/m 3
was used to cover the transaction costs incurred by the Water Bank. These costs included
administrative staff overhead, legal work in preparation of the contracts, monitoring
effort, and other costs. The cost of actually physically conveying water from the seller to
the buyer was added to the base cost of $0.14/m3 (CDWR, 1991, ref #13, pp. 5-6).
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3.4 California's Water Bank Experience
The 1991 Drought Water Bank was established rapidly and under duress, yet it was
highly successful in meeting its stated goals. In approximately 45 days, the Water Bank
was able to purchase the rights to over 1012 MCM of water under 351 separate contracts.
The majority of this water, 518 MCM, was obtained from the fallowing of farmland.
Groundwater substitution provided for 320 MCM of supply, and the additional 175 MCM
of water came from releases of stored water. A relatively minuscule amount of water,
less than 12 MCM, was taken from direct groundwater extraction. No other methods
were used (CDWR, 1991, ref #13, Table 1). Contrary to initial expectations, significantly
more water was purchased by the water bank than was required for critical needs;
therefore hard choices about prioritization of supplies were unnecessary. Finally, about
493 MCM of water was distributed to buyers with critical needs, and 320 MCM carried
over for supply of the SWP in early 1992. The remaining water was either used for
environmental water quality improvement, was lost in transit, or was left in storage as
insurance against continued drought. The initial buying price was $ 0.10/m 3, but by the
later stages of the process, better-than-expected spring rains and the surprising response
to the Water Bank allowed for a reduction in buying price to as low as $ 0.02/m3) in
several contracts. (USOTA, 1993, p.1)
The primary focus of the Water Bank was to provide water for critical M&I needs, but
environmental concerns were also addressed both directly and indirectly. Impacts on the
environment by the Water Bank were possible in several forms. Some water purchases
could have reduced supplies to critical habitats and fisheries. Fallowing and plowing of
fields potentially had detrimental effects on nesting birds. Pumping of water from some
large rivers might have killed numbers of migrating juvenile fish. The Water Bank
worked with state and federal wildlife and environmental agencies to mitigate these
effects. Minimum flows were established for critical rivers, pumping periods were
modified, and 300,000 fish (yearling striped bass) were purchased for release by the
California Department of Water Resources. The Water Bank also provided positive
environmental benefits. Water stored until later in the year helped to reduce river
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temperatures for salmon runs, and fallowing of farmlands decreased the fertilizer loading
of drainage during periods of low river flow, when contaminants would have a greater
effect on water quality (CDWR, 1991, ref #13, p.11).
Another concern about the implementation of the Water Bank was the possible effects on
so-called third parties. These are individuals or groups who did not directly participate in
the Water Bank but were affected nonetheless. The primary concern was for agribusiness
in the rural areas where fallowing of farmland was the heaviest. It was found that there
were some impacts on third parties, especially those engaged in the storing and hauling of
harvested crops. However, the overall economic consequences of the Water Bank were
positive due to the benefits to high value M&I and agricultural users, but it is clear that
there were some localized negative impacts. Based on the experience of the 1991 Water
Bank, water transfers made available by future fallowing will not exceed 20% of the
water which would have been applied. This measure is intended to reduce third party
impacts by more evenly distributing the reduction of crop production due to fallowing.
(CDWR 1993, ref #16, p.4)
Due to the success of the 1991 Drought Water Bank program and the continuing shortage
of water in California, the Water Bank was activated again in 1992. The operation of the
1992 Water Bank was similar to the previous year - with the advantage of applying
lessons learned in 1991. The major differences were as follows:
1. No water was bought by the Water Bank until a contract was signed with a
buyer. This was intended to insure that the Water Bank did not end up
purchasing more water than was required.
2. No water was obtained by fallowing. In order to reduce environmental and
third party impacts, all water was obtained by groundwater substitution and
reservoir storage releases.
3. Direct purchase of water was made by the state wildlife agency from the
Water Bank for habitat uses.
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4. The buying and selling price for Water Bank water was much lower than in
1991.
The 1992 Water Bank purchased about 238 MCM of water from 19 sellers at $0.04/m3.
Approximately 196 MCM were allocated to 16 buyers at a price of around $0.06/m. The
remainder of the water was either used for enhancing water quality in rivers and estuaries
or lost in transit (CDWR 1992, ref #14, pp. 3-6).
In 1995 the Water Bank was once again activated due to forecasts of possible water
shortages. Working with a very limited staff, the Water Bank purchased "options" on
water rights. Due to uncertainty about future supply levels, water users wanted to have in
place the rights to additional water, but did not want to commit to an outright purchase.
The Water Bank therefore negotiated these "options" contracts with water sellers. A
seller was paid $0.003/m 3 in return for the right to purchase his or her water if the need
arose. If the option was exercised, the contract price of water was set between $0.030-
$0.034/m3 . If the water was not transferred, the seller was entitled to keep the option
payment. A total of 36 MCM of water options was purchased before the available supply
situation in California improved. In the end, no water options were exercised.
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CHAPTER 4: APPLICATION OF WATER BANKING TO CYPRUS
It is proposed that a drought water bank similar to the California Emergency Drought
Water Bank be used in Cyprus to mitigate some of the problems caused by temporary
severe water shortages. The water resources situation in the Republic of Cyprus is very
similar to the one in California. The climate of Cyprus is similar to that of Southern
California, and also like California, Cyprus is subject to periodic, multi-year droughts
that severely strain the capacity of the water storage facilities. In Cyprus, water is moved
from a water-rich region to drier regions through the Southern Conveyor Project which is
similar to the State Water Project in California, and in both Cyprus and California, large
percentages of water supply are dedicated to agriculture. The similarities between
Cyprus and California suggest that the lessons learned in the western United States could
effectively be utilized in the eastern Mediterranean.
An emergency drought water bank in Cyprus could be used to provide immediate relief to
the water resources supply system during the kind of severe multi-year drought that is
currently being experienced (1996-1999). When reservoir storage is very low, a water
bank could be used to provide for the full demands of municipal, industrial and tourist
users by re-allocating water from agricultural users. At the same time, a water bank is fair
to the farmers because it compensates them for the losses incurred due to a reallocation of
irrigation water. In this way, water banking could be used as an equitable method of
reallocating water temporarily (one-year period) to critical and high value uses, without
imposing permanent consequences on the agricultural community. A drought water bank
would also introduce added reliability into the current water infrastructure system without
the need to invest in large, capital-intensive projects or commit to long-term contracts.
As in California, the proposed Cyprus Emergency Drought Water Bank would be a
lending bank. In other words, one group of water users would lend water to another
group of water users in exchange for compensation. The choice of who lends water to
whom is based on the following criteria:
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1. National Economics: In order to maximize the overall economy of the nation, most
resources should be allocated to those uses which add the most value, thus water in
Cyprus should be allocated first to those uses which contribute the most to the
economy.
2. Willingness to Pay: A water user who's end product is very profitable is willing to
pay a large premium for water, while a user who is producing a gQod of lower value
may be willing to forego production if he or she is compensated for water not used.
3. Fairness and Equity: In Cyprus, water rights belong to the government, but fairness
and equity suggest that users who have relied on water in the past should be entitled to
some proportion of the available resources or compensation for not receiving those
resources. In a situation where water is severely limited, all users must expect some
reductions in supply, but priority should be given to allocating water to those sectors
where the most users will receive benefits.
4. National Priorities: There are many uses for water which come into conflict with
each other when supplies are limited. Decisions must be made as to which uses are to
be given priority. Prioritization may be based on social, political, or economic
justifications. In Cyprus, some priority uses may be minimum supply for personal
domestic consumption, supply for tourist areas, conservation of permanent crops,
recharge of threatened aquifers, etc.
Given the above criteria, it is clear that there is some justification for re-allocating water
from agricultural uses to municipal, industrial, and tourist uses. Agriculture accounts for
less than 5% of the GDP (Cyprus Planning Bureau, 1997) while it consumes almost 75%
of the nation's water resources in a normal year (World Bank, 1996). Farming also
accounts for a very low level of employment. Some estimates state that there are
approximately 70,000 persons involved in farming in Cyprus. This is over 22% of the
economically active population. However, many sources suggest that there are actually
only approximately 6,000 full-time farmers whose primary source of income is derived
from agriculture. Full-time farmers would then represent only 2% of the work force.
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There is also a large difference in price paid for domestic and irrigation water. Domestic
users pay full price for water while farmers pay only 34% of the full capital recovery and
operation and maintenance cost of irrigation water due to government subsidies. The
average price of irrigation water from surface water sources is CYE 0.07/m 3 while the
average price of domestic water is CYE 0.43/m3 . The cost of domestic water supply,
however, includes treatment and distribution costs. Raw water, before treatment, costs
CYE 0.20/M3 , so the actual disparity between domestic and irrigation water prices is only
the subsidy amount of CYE 0.13/M 3 . Based on average annual national irrigation demand
in the area of the Southern Conveyor Project SCP (91 MCM) and the current subsidy
level, the government spends CYE 12 million per year supplying water to agriculture.
The price of domestic water represents the full cost of water including both capital
recovery and O&M costs.
A shadow value analysis examination of the GDP percentages would clearly show that
domestic, industrial and tourist uses should be favored over agricultural uses in terms of
resource allocation. Yet even though it is a relatively small sector of the economy,
agriculture is an important industry in Cyprus. In 1995, a non-drought year, exports of
potatoes and citrus accounted for CYE 61.1 millions in export sales -- almost 12% of all
exported goods (Cyprus Planning Bureau, 1997). Irrigated cropland covers over 6% of
the area of government-controlled Cyprus and is one of the most scenic aspects of the
landscape. Many families derive at least some income from farming or farming related
activities, as evidenced by the number of part-time farmers. Clearly, there is a place for
agriculture in Cyprus and therefore a need for irrigation water. But on an island such as
Cyprus where water resources are scarce, every effort must be made to ensure that
irrigation water is used as efficiently as possible. It is therefore necessary to have a
thorough understanding of the types of crops grown in Cyprus, the extent of their area,
the amount of water they use, and their profitability.
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4.1 Examination of Irrigated Farming
Table 4.1 shows the total areas of land devoted to agriculture of all types in Cyprus. The
table divides crops into permanent crops such as fruits, olives, citrus, and grape vines,
seasonal crops such as potatoes and vegetables, and crops grown in greenhouses or
tunnels. Further distinction is made between irrigated and non-irrigated land. It can be
seen that irrigated crops are grown on fully 30% of the land devoted to farming in
Cyprus. Farmland connected to the Southern Conveyor Project (SCP), the nation's
largest water project, has been shown separately. The land within SCP comprises over
43% of the nation's irrigated cropland.
Table 4.1: Agricultural Areas in Cyprus
Southern Conveyor Project
All Government-
controlled Government Non- SCP Total
Cyprus Irrigation Government (ha)
Type of Crop (including SCP) Schemes Irrigation (% of total)
(ha) (ha) Schemes
(% of total) (ha)
Permanent Crops
Irrigated 21,886 (18.3%) 3,098 3,738 6,836 (43.3%)
Non-Irrigated 17,933 (15.0%) 0 0 0 (0%)
Total Permanent 39,819 (33.3%) 3,098 3,738 6,836 (43.3%)
Seasonal Crops
Irrigated 13,584 (11.4%) 5,575 3,238 8,813 (55.9%)
Non-Irrigated 65,474 (54.9%) 0 0 0 (0%)
Total Seasonal 79,058 (66.3%) 5,575 3,238 8,813 (55.9%)
Greenhouse & Tunnel Crops 454 (0.4%) 75 50 125(0.8%)
Cropped Area
Irrigated 35,924 (30%) 8,748 7,026 15,774 (100%)
Non-Irrigated 83,407 (70%) 0 0 0 (0%)
Total Cropped Area 119,331 (100%) 8,748 7,026 15,774 (100%)
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The concept of water banking involves the transfer of water from irrigated agriculture to
other users. Rain-watered (i.e. non-irrigated) crops such as wine grapes and wheat are
important agricultural products in Cyprus; however, rain water clearly cannot be
reallocated from these crops to other uses. For the purpose of this study, non-irrigated
agriculture will not be included or considered.
A large variety of irrigated crops are grown in Cyprus. A complete list of these crops
may be found in Appendix A. For the purpose of this study, all irrigated crops were
collected into 13 separate crop groups. The crop groups will be treated as a single crop in
this study with land areas summed and characteristics such as water consumption and
profitability averaged from all crops in the group. Appendix A shows the crops within
each crop group. Table 4.2 lists all the crops groups and displays the important statistics
for each.
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Table 4.2: Irrigated Agriculture in Cyprus
Annual Total
Area Water Water Irrigation
Crop Group National Cropped Require- Used Cost Net Profit
Breakdown [Nationally] ment Nationally (1) (2)
(%) (ha) (m3/ha) (MCM) (CYf/ha) (CYE/ha)
PERMANENT CROPS
Citrus 19.94% 7163.25 10000 71.63 700.00 -95.64 (3)
Grapes 5.38% 1932.71 3060 5.91 214.00 -1284.00 (3)
Olives 16.24% 5834.06 5375 31.36 376.00 2465.00
Deciduous Fruit 7.43% 2669.15 5800 15.48 552.29 9359.21
Tropical Fruit 1.13% 405.94 13350 5.42 934.34 5847.79
Nuts 10.82% 3886.98 2830 10.99 197.94 2620.71
TOTAL 60.94% 21892.09 140.80
SEASONAL CROPS
Melons & Vegetables 6.57% 2360.21 5760 13.66 405.31 3047.34
Vegetables 5.78% 2076.41 2180 4.52 147.13 2497.56
Potatoes 23.64% 8492.43 3140 26.67 219.67 1860.67
Colocasia 0.30% 107.77 24000 2.59 1680.00 12160.00
Groundnuts 1.36% 488.57 5300 2.59 371.00 592.00
Berries 0.15% 53.89 5840 0.31 409.00 10091.00
TOTAL 37.80% 13579.27 50.34
GR.HOUSE+TUNNELS
Greenhouse & Tunnels 1.26% 452.64 4225 1.91 295.37 10229.50
TOTAL 1.26% 452.64 1.91
OVERALL TOTAL 100.00% 35924.00 193.05 1 ._
Notes:
(1) Irrigation costs are based on a price of CYf 0.07 / m3 for raw water. Not all crops, however, are irrigated with
water bought from the government. Many farmers pump water from their own wells.
(2) Net profit equals gross profit minus all costs (irrigation, all labor, etc.)
(3) Negative net profit means an overall loss on the production of these crops
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Figure 4.1: Total Crop Areas for all of Government-Controlled Cyprus
Figure 4.1 shows the portions of land devoted to each irrigated crop group as a
percentage of the national total of irrigated cropland. The crop groups to which the most
land is devoted are potatoes (23.6%) and citrus (19.9%).
In addition to the total area of each crop group, it is also necessary to know the water
consumption per hectare for each group in order to evaluate total water resource
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utilization. The Agricultural Research Institute in Cyprus has done extensive
investigation into the optimum level of irrigation water application per hectare for all
crops grown in Cyprus. The water requirements stated in Table 4.2 are illustrated in
order of decreasing requirement in Figure 4.2.
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Figure 4.2: Irrigation Water Requirements per Hectare for each Crop Group
Clearly colocasia, a vegetable from the potato family, is the largest consumer of irrigation
water per hectare of land at 24,000 m3/ha. In fact, this crop is so water intensive that the
Cypriot government has taken active steps to control its planting. What is more
interesting is that citrus is also a relatively large consumer of water per unit area (10,000
m3/ha). Potatoes, by contrast, consume far less (3,140 m3/ha when all growing seasons
are averaged.). Unit area water requirement for citrus is more than three times that for
potatoes.
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Having established the area of coverage for each crop group and per unit area water
requirements, it is now a straightforward exercise to estimate the total amount of water
devoted to the irrigation of each crop group. The total quantities of irrigation water used
in Cyprus for each crop group are shown in Figure 4.3 and Figure 4.4. The source of the
irrigation water may be either surface water reservoirs or groundwater, The present total
average annual demand for irrigation water throughout Cyprus is 193.25 million cubic
meters (MCM).
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Figure 4.3: Total Quantity of Irrigation Water Demand in Cyprus in an Average Year
49
Vegatables
2%
Tropical Fruit_
3%
Melons & Vegatables
7%
ColocasiaGreenhouse & Tunnels
1%- 1%
auts
Berries
0%
Citrus
38%
Deciduous
8%
Olives
16%
Figure 4.4: Total Quantity of Irrigation Water Demand in Cyprus in an Average Year (Percent by
Crop Group)
Figure 4.4 dramatically shows that citrus crops are by far the largest consumers of
irrigation water in Cyprus. A total volume of 71.63 MCM of water is applied to citrus
crops in each non-drought year. Over 38% of all irrigation water is used on citrus crops.
As the majority of water in Cyprus is used for irrigation, Citrus irrigation accounts for
almost 30% of all water used in Cyprus. The average total quantity of water used for
citrus irrigation exceeds total gross average annual domestic demand (62 MCM - World
Bank, 1996, Annex 5.4) by over 15.5%.
The irrigation water requirement of each crop group is a function of the plant biology.
Some crops are water-intensive while others are acclimated to dry climates and require
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little water to produce a suitable yield. The water requirements shown allow for the
expected efficiencies of the irrigation systems used to apply the water. The amount of
water allocated to a unit area of a crop is generally 15-20% more than the actual needs of
the plant. This additional volume is lost to leakage or evaporation. The efficiencies of
Cypriot irrigation systems are almost uniformly in the 80-85% range (Tsiourtis, p.73).
There is some question as to the magnitude of the per unit area water requirements for
citrus. The Agricultural Research Institute is experimenting with reducing the water
allocations to citrus plantations to determine the effects on yield. The irrigation
application rate to grapefruit in Israel is 6900 m3/ha assuming a 75% irrigation efficiency
(World Bank, 1996), and drip irrigation of Citrus in Kern County, California uses only
6,100 m3/ha. The California application rate is almost 40% less than the recommended
irrigation rates currently used in Cyprus. The World Bank recommended that standard,
normal-year irrigation water application rates of to citrus be reduced by as much as 20%
(World Bank, 1996, p. 26). At this time, there is no indication that the normal annual
water application rate to citrus crops will be reduced, so the standard requirement will
continue to taken as 10,000 m3/ha. It is worth noting, however, that if irrigation water to
citrus were to be uniformly reduced by 20%, a total of 14.33 MCM of water could be
conserved for other uses. This quantity is equivalent to over 26% of the national annual
domestic water demand.
Irrigation water in Cyprus is sold to farmers who grow crops which are for the most part
sold commercially. It is therefore important to know about the net profitability of each
crop group to gain an understanding of the rationale for how agricultural inputs such as
land and water are chosen by farmers. Table 4.2 shows the net profits generated by each
crop group in Cypriot Pounds per hectare. Net profit is defined as the gross profit minus
all production costs including irrigation water, fertilizer, family labor, hired labor, etc.
Figure 4.5 displays net profit per hectare for each of the irrigated crop groups grown in
Cyprus.
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Figure 4.5: Net Profit per Hectare for Irrigated Crop Groups in Cyprus
In general, the crop groups can be separated into three clusters when examined in terms
of profitability. The crop groups with a relatively high profitability are colocasia,
greenhouse and tunnel crops, berries, deciduous fruits and tropical fruits. The
profitability of colocasia, in spite of the very large irrigation costs, is a testament to the
high market price of the crop. Moderately profitable crop groups are melons and
vegetables, nuts, olives, vegetables, and potatoes. The final three crop groups,
groundnuts, citrus, and grapes, have a low profitability. In fact. the data shows that citrus
and table grapes are produced at a net loss to the farmer.
It is worthwhile to be explicit about the implications of the data which have been
presented in Table 4.2 and Figures 4.1 - 4.5. Citrus is the crop group that occupies the
largest percentage offarmland in Cyprus. It also requires large quantities of irrigation
water per unit area; therefore citrus is the largest consumer of water in Cyprus. On an
island where water is scarce, citrus crops require more water than all the cities, towns,
and tourist hotels combined. Yet citrus is a crop which has an overall negative net profit,
even with the CYE 0.13/m 3 government subsidy for irrigation water. At a time when the
citizens of Nicosia, Larnaca, and other cities and towns are required to endure severe
rationing of domestic water, up to 30% of the entire nation's water resources are being
used to irrigate this crop with an apparent negative value.
Why would a nation devote such a large portion of its natural resources to a crop which is
unprofitable? There are perhaps several reasons. One reason may be that citrus crops
were not always so unprofitable. In 1973, citrus accounted for 28.3% of all exports,
whereas in 1997 citrus was only 2.9% of total exports. This may be explained by the
growth of other sectors of the Cypriot economy and by the decrease in the price of citrus
due to competition from Israel and North Africa. Since citrus is a permanent crop, there
may be resistance by farmers to switching crop types in the face of declining profitability.
There may well also be an aesthetic and sentimental value placed on citrus trees which
makes both farmers and the government reluctant to uproot large orchards.
It is also possible that the negative net profits of citrus and table grapes are somewhat
misleading. As previously stated, the net profit calculations are made by subtracting the
value of all inputs and costs from the gross profit of each crop group. One of the inputs
to the production of all of the crop groups is family labor. As has been stated, in Cyprus
part-time farming is the norm; therefore, a significant portion of the labor required for
farm production may be family labor. Because work on family farm plots is often done
on weekends and in addition to other jobs, the cost of family labor is generally not a real,
out-of-pocket expense to most farmers (World Bank, 1996, p. 5). Family labor does
represent an opportunity cost, since time spent farming is time that cannot be spent in
other profit-generating activities. Because farming is already a secondary occupation for
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most of the people who work in agriculture however, it is perhaps unlikely that other
work would be substituted for farming. Table 4.3 lists the net profitability of crop groups
grown in Cyprus when the costs of family labor are excluded from the production
expenses.
Table 4.3: Crop Group Net Profitability when Family Labor Costs are Excluded
Family Net Profit w/o
Crop Group Labor Family Labor
(CYE/ha)
(CYE/ha)
Grapes 665.00 -619.00 (1)
Citrus 473.03 377.39 (2)
Groundnuts 481.00 1073.00
Potatoes 553.67 2414.33
Vegetables 784.71 3282.26
Olives 1120.00 3585.00
Nuts 969.58 3590.30
Melons & Vegetables 2462.96 5510.30
Tropical Fruit 919.69 6767.48
Deciduous Fruit 2015.43 11374.65
Colocasia 2894.00 15054.00
Berries 5304.00 15395.00
Greenhouse & Tunnels 8083.79 18313.29
Notes:
(1) Table Grapes still apparently produced at an overall loss
(2) Citrus crops now show a positive net profit
The exclusion of the cost of family labor increases the net profitability of all crop groups.
Citrus becomes minimally profitable, especially in light of the small average farm size in
Cyprus (3.8 hectares [World Bank, 1996, p.5]). Irrigated table grapes become less of an
unprofitable crop but continue to generate a net loss for the farmer. Therefore it is still
puzzling why so much time, land, and water is devoted to citrus and to a lesser extent
table grape production. Many of the government officials interviewed in Cyprus stated
that farming continued to be a way of life for many newly urbanized Cypriots. People
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may continue to do part-time work on even unprofitable farms in order to retain a
connection to ancestral lands and villages. While there may be some truth to this, it does
seem slightly disingenuous. It is generally the case that most people who invest time and
money in an arduous activity such as farming intend to gain a return on their investment.
Most sources state that there are no direct subsidies to farmers other than the 66%
discount on the price of water; however, Mr. George Constantiou, the retiring Director of
the Cyprus Geological Survey stated in a personal interview that the government spends
CYE 80 million per year in direct subsidies to citrus wholesale companies and processing
plants. This reportedly allows the wholesale companies and processing plants to pay
Cypriot farmers a higher than market price for their crops. Under such a scheme, farming
may be more profitable for Cypriot farmers than predicted by standard agronomic
indicators. All of the government employees interviewed in Cyprus were in agreement
that farmers were a particularly powerful constituency in the national political system.
The concepts of water supply and the agricultural economics may be linked by using data
on water usage and net profitability to establish a marginal cost of water for each crop
group in Cyprus. By examining each crop group individually, it is possible to determine
the net profit per unit of water applied to each hectare of farmland (Eqn. 4-1). This is a
measure of how much profit a farmer may expect to gain for each cubic meter of
irrigation water he applies to his crops. This relationship is derived from normal
application rates and standard yields. It should be noted that the relationship should not
be linear since there is a minimum level of irrigation necessary for any crop yield at all.
The marginal cost of water for each crop may also be computed (Eqn 4-2). This is the
maximum price that a farmer of any particular type of crop would be willing to pay for
water in order to avoid losing money. Table 4.4 lists the profits per unit of water and
marginal cost of water for all Cypriot irrigated crop groups, assuming the current
subsidized water price of CYE 0.07 per cubic meter.
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Crop Profitability Net Profit per Hectare (CYE/ha)
per Unit Volume = Irrigation Water Requirement per Hectare (m3/ha)
of Water
Marginal Cost of = Net Profit per Hectare excluding cost of water (CYE/ha)
Water Irrigation Water Requirement per Hectare (m3/ha)
(4-1)
(4-2)
Table 4.4: Crop Group Profitability per Unit of Water and Marginal Cost of Water
[Net Profit [Net Profit
including including
all Costs] all Costs]
Water Irrigation Crop Marginal
Crop Group Require- Cost Profitability Cost of
ment per Unit Water
Vol. Of
Water
(m 3/ha) (CYE/ha) (CYE/m 3) (CYE/m 3)
Grapes 3,060 214.00 -0.42 -0.35
Citrus 10,000 700.00 -0.01 0.06
Groundnuts 5,300 371.00 0.11 0.18
Tropical Fruit 13,349 934.34 0.44 0.51
Olives 5,375 376.00 0.46 0.53
Colocasia 24,000 1680.00 0.51 0.58
Melons & Vegetables 5,790 405.31 0.53 0.60
Potatoes 3,140 219.67 0.81 0.66
Nuts 2,828 197.94 0.85 1.00
Vegetables 2,178 147.13 0.90 1.21
Deciduous Fruit 5,801 552.29 1.64 1.71
Berries 5,840 409.00 1.73 1.80
Greenhouse & Tunnels 4,224 295.37 2.05 2.49
When family labor is fully costed, the table shows that even with subsidized water prices,
growers of both table grapes and citrus crops lose money for each cubic meter of water
they apply to their fields, see Figure 4.6. The marginal cost of water for growers of
grapes and citrus crops is lower than even the subsidized cost of water. The marginal
cost of water for all of the rest of the crop groups is higher than the subsidized price of
irrigation water. In fact, the marginal cost of irrigation water is higher than full cost (for
O&M and capital recovery) for every other crop group except groundnuts. When the
marginal cost of water for a crop is higher than the actual price paid for water, a farmer
makes a profit on that crop. Thus for farmers of all crop groups except grapes, citrus, and
56
groundnuts, farming would remain profitable even if the full O&M and capital recovery
price of CYE 0.20/M3 were charged for water.
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Figure 4.6: Net Profitability of Crop Groups per Unit of Water Applied
If family labor is not counted as a cash expense in the production of each crop, then the
situation changes somewhat. Table grapes remain unprofitable, but the marginal cost of
irrigation water for citrus becomes greater than the subsidized price of water. The
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marginal cost of water for citrus is still below the full price of water, but all other crops
show a marginal cost well in excess of the full price.
This information is useful in evaluating the current pricing policy for irrigation water, but
as discussed earlier, there is powerful political resistance to increasing the cost of water.
What is more useful is the observation that there are crops, citrus in -particular, of very
low value that are using large amounts of water. This circumstance is close to ideal for
the application of a water bank. Water used to irrigate low value crops likewise has a low
value to farmers because it does not produce large net profits. It is possible that farmers
would be willing to lease or sell their water allotments at relatively low prices. A
significant amount of water is used to irrigate low value crops; therefore a significant
amount of low cost water is potentially available. By offering to meet or exceed the
expected net profit produced by an irrigated crop, the government or municipal water
boards could purchase the water they need in times of drought. Farmers would profit
from this system by being able to chose the more profitable activity -- growing and
selling an irrigated crop or foregoing irrigation and selling or leasing a water allotment.
There is some precedent for this type of system in Cyprus. Apparently, the government
currently does reimburse some farmers who are involuntarily denied water due to drought
conditions (World Bank, 1996). This is not water banking, however, because it is not
voluntary and there is no plan for actively seeking to meet demand. Also, according to
Mr. Markou at the ARI, reimbursement of farmers is not systematic and occurs only in
particular cases. An Emergency Drought Water Bank would seek to acquire water from
agriculture for use in the cities, but if the arrangements for doing so are unfavorable to
farmers, then the water bank will be politically infeasible. What is needed is a clearly
articulated policy which encourages farmers to participate in order to serve their own best
interests, while at the same time serves the interests of the society and nation as a whole
by providing water to its citizens and productive industries.
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4.2 Proposal for Cyprus Emergency Drought Water Bank
The first step in the creation of an emergency drought water bank is to define the goals
and methods of the program. This is important both for policy and operational reasons.
All stakeholders - municipalities, government agencies, farmers, politicians, etc. - must
view the program as potentially beneficial. The reasons for creating the water bank and
the rules under which it operates must thus be simple and easy to understand.
As the Water Development Department (WDD) controls the allocation of resources each
year, it is recommended that it be given responsibility for initiating and operating the
Emergency Drought Water Bank. It is vital that representatives from other government
agencies also be consulted during the activation and negotiation process. In particular,
the Irrigation Department, the Agricultural Research Institute (ARI), and the Land
Consolidation Authority would be helpful. The Irrigation Department is familiar with
irrigators, their farms, and equipment. The ARI has detailed information on the water
requirements of all crops grown in Cyprus. The Land Consolidation Authority has a
unique insight on dealing with large groups of mainly small-plot farmers. This
experience may be crucial to the successful operation of a water bank due to the small
size of the majority of farms in Cyprus. In order to reallocate any significant amount of
water under a voluntary system, many farmers will have to be contacted and consulted. It
may be that the Land Consolidation Authority can offer assistance in creating the type of
institutional structure which will allow groups of farmers to be dealt with collectively.
The Emergency Drought Water Bank should focus on operating in the areas served by the
Southern Conveyor Project. The SCP is connected to the largest surface water reservoirs,
serves the majority of the irrigated cropland (especially citrus crops), and delivers water
to most of the major urban areas in Cyprus (Tables 4.5-4.6, Figure 4.7). The extensive
water conveyance network already in place within the SCP will allow reallocated water
to be sent directly from reservoirs to domestic users without additional costs and without
the need for the construction of additional infrastructure. The capacity of the existing
pipelines and intermediate reservoirs should be sufficient as they are only delivering the
predicted domestic demand and no more.
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Table 4.5: Domestic Demand in the Southern Conveyor Project
Municipal, Industrial and Tourism Demand served by the Southern
Conveyor Project (MCM)
Projected Demand in Year
District or Municipality Served 2000
Limassol 16.7
Nicosia 18.4
Larnaca/Famagusta 13.7
Total ~149
Table 4.6: Irrigated Areas and Agricultural Water Demand in the Southern
(Government and non-Government Systems)
Conveyor Project
Cropping Area Water Total Water
Crop Group Breakdown Cropped Require- Used in
in the SCP [SCP] ment SCP (MCM)
(%) (ha) (m 3/ha)
PERMANENT CROPS
Citrus 33.64% 5306.71 10000.00 53.07
Grapes 4.14% 653.07 3060.00 2.00
Olives 1.58% 249.23 5375.00 1.34
Deciduous Fruit 2.60% 410.00 5801.35 2.38
Tropical Fruit 0.03% 4.82 13348.67 0.06
Nuts 0.10% 15.30 2827.67 0.04
TOTAL 42.09% 6639.13 58.89 (64%)
SEASONAL CROPS
Melons & Vegetables 9.67% 1525.38 5789.56 8.83
Vegetables 9.18% 1448.77 2177.58 3.15
Potatoes 34.80% 5488.60 3140.00 17.23
Colocasia 0.44% 69.65 24000.00 1.67
Groundnuts 2.00% 315.76 5300.00 1.67
Berries 0.22% 34.83 5840.00 0.20
TOTAL 56.31% 8882.99 32.77 (35%)
GR.HOUSE+TUNNELS
Greenhouse & 1.60% 251.89 4224.44 1.06
Tunnels
TOTAL 1.60% 251.89 1.06(1%)
OVERALL TOTAL 100% 15775 1_ 1_~93
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Figure 4.7: Irrigation Water Applied in the Southern Conveyor Project (Percent by Crop Group)
Figure 4.8 shows the marginal cost of each crop vs. the cumulative irrigation water
requirement: this figure is very interesting in that it gives the user a rough unit water
buying price (given by the y-coordinate) depending on the amount of water he needs
(given by the x-coordinate).
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Figure 4.8: Marginal Cost of Water vs. Quantity of Water Consumed per Crop Group in the
Southern Conveyor Project
The SCP is a highly suitable, ready-made scheme for the application of a water bank.
There are high levels of domestic demand, a large proportion of water going to low-value
crops, and a conveyance system tying together reservoirs, farms, and cities.
Now that the location of the water bank has been chosen, a structure is needed. A
Cypriot water bank might be organized under the following model:
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The Cyprus Emergency Drought Water Bank is an office of the Water Development
Department. Its purpose is to assist in ensuring that all critical and high priority water
demands are met during times of drought. The water bank works to facilitate the transfer
of water allocations between willing sellers and buyers. Participation in the water bank
is a voluntary action, which is meant to benefit both the water buyer and seller.
GOALS FOR CYPRUS EMERGENCY DROUGHT WATER BANK
A. "Provide water for..."
1. Municipal, Industrial & Tourist ('MIT') Uses
2. Agricultural Uses (Protect permanent crops and supply crops with
high value and low water use)
3. Groundwater Protection (Usage Reduction)
4. Groundwater Recharge
5. Carryover Surface Storage
6. Environmental Uses
B. "Help to Promote..."
1. Efficient allocation of water between domestic and agricultural
users in times of drought, and continued agricultural production
when water is plentiful.
2. Conversion to crop groups with a high value to water use ratio (i.e.
a reduction in the amount of citrus and table grape area cropped).
3. An overall gradual reduction in the total amount of water used in
agriculture.
C. "Help to Reduce..."
1. Lack of reliability in the existing water supply system.
2. Need for expensive infrastructure investments necessary to obtain
new supplies (i.e. desalination plants) by satisfying priority
demands during drought periods.
2) METHODS OF OBTAINING WATER FOR THE CYPRUS BANK
1.
2.
3.
4.
Fallow farmland being used for growing seasonal crops.
Fallow permanent crops by reducing water down to "survival"
levels.
Change existing seasonal crops to less water demanding ones
Shift from permanent crops to seasonal crops which can be
fallowed during drought years.
The Cyprus emergency drought water bank will be activated whenever available supply of
fresh water from all sources drops below the existing level of demand.
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4.3 Discussion
4.3.1 Goals
There are several potential goals for an emergency drought water bank, each of which
would serve the national interests of Cyprus in one way or another.. The goals listed
above are compatible with each other, but resources, i.e. water, committed to one goal
will be unavailable to fulfill other goals. The goals of the water bank must therefore be
prioritized, and the government must decide on the amount of money to be allocated
towards non-reimbursable goals. Providing water for municipal, industrial and tourist
should clearly be the highest priority of the water bank. This has already been
established. When water is "bought" from farmers and "sold" to cities and water boards,
there is little or no net cost to the government. In fact, since the price of irrigation water
is subsidized, transfer of water from agricultural to domestic users could actually save the
government money in terms of direct costs. Growers of high-value agricultural products
might also be willing to pay extra money in order to acquire water from other farmers.
The water bank should facilitate and encourage transfers that lead to more profitable
utilization of agricultural water.
The remaining four goals create benefits which are somewhat harder to quantify. There
are also generally no specific beneficiaries, so the government will probably have to bear
the full cost of any water used to achieve these goals. Groundwater protection is
important in Cyprus because of the over exploitation which has taken place and continues
to occur at an alarming rate. Many aquifers have experienced or are in danger of salt-
water intrusion, which is enhanced by a reduced based flow. The groundwater could be
protected if pumping rates were reduced by substituting surface water for groundwater in
critical areas. Surface water could also be used to directly recharge endangered aquifers
through infiltration ponds or injection wells. The water bank could be used to make
water available for these purposes. The water bank could also serve to conserve water
rather than reallocate it. The multi-year nature of droughts in Cyprus makes year to year
carry-over storage of water in surface reservoirs important. Based on WDD estimates of
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required carry-over storage, the water bank could reimburse farmers for the necessary
quantity of water and then simply leave it in the reservoirs for use next year. Finally, the
water bank might acquire water for environmental uses such as water quality
preservation, habitat conservation and minimum discharge flow in the streams.
By allowing water to be reallocated between irrigators, the water bank -will encourage the
planting of crops with high profit-to-water use ratios. Farmers of these types of crops
will be able to afford to purchase water through the water bank from farmers who are less
profitable at reasonable prices. This will increase the overall productivity of the
agriculture industry in drought years. The water bank might also be used to encourage
conversion of cropland away from crops with high water requirements. Currently, the
government has a program that pays farmers to uproot citrus trees and replant with other
crops. This program could be combined with the water bank in various ways to produce
long-term as well as short-term water supply reallocation (Markou, Feb.1999, personal
communication). The water bank will allow for reallocation of water during droughts, but
there are no continued effects during times when water is plentiful. Therefore, a water
bank will have no permanent impact on farmers.
Currently, perhaps the biggest problem with the Cypriot water supply system is its
reliability. The system is technically sound and is capable of supplying all demands
during an average or better rainfall year, but the system is unreliable because supply
drops below demand in years when rainfall is below average. The water bank can
improve reliability of the system by helping to ensure that water is available to those who
are willing to pay for it. The reliability of the system can also be improved by increasing
the total available quantity of water through the construction of new infrastructure. The
desalination plants which are currently being constructed or planned will serve this
purpose. But these plants will also only serve those willing to pay an increased price
since the cost of desalinated water is higher than the cost of treated surface water. The
desalination plants will also run continuously, thus increasing the cost of water even in
years when rainfall is adequate. The water bank will only be activated when needed and
involves no capital costs.
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4.3.2 Methods
The most obvious way to reduce the amount of irrigation water used is to reduce the area
of land irrigated. This policy currently is being implemented by fallowing land used to
grow seasonal crops. The rationale behind this policy is that denying irrigation water to a
seasonal crop for one season does not adversely affect the viability of the farm in the
following year. In other words, the farmer can simply replant his crop next season if
water is available. Permanent crops, on the other hand, might very well die if no
irrigation water is applied. New trees or vines might then take five to ten years to reach
productive maturity. A farmer might also reduce the amount of irrigation water needed
by simply planting a different crop. For example, switching from planting watermelons
to planting peas could save 3,160 m3 of water per hectare in one growing season. Since
watermelons are more profitable than peas, the water bank might need to encourage such
a switch by reimbursing the farmer for his lost potential profit.
In California, the seasonal crops which were fallowed by the water bank were generally
less profitable than permanent crops and used far more water. The situation is somewhat
different in Cyprus. It is the citrus crops (permanent) which use the majority of the
water, and at the same time, citrus crops have a very low profitability. So from a
resource allocation standpoint, exclusively fallowing seasonal crops makes less sense.
The fairness of this policy is questionable because currently there is no consistent policy
for reimbursing farmers who are denied water during drought. Why should a farmer who
choose to grow a low-profit, high water-use crop like citrus be allocated water and
allowed to produce at the same time that a farmer of a higher-profit, lower water use
seasonal crop is being denied water without compensation? A more fair, and perhaps
more efficient policy would be to also think of permanent crops as subject to "fallowing."
Water supplied to permanent crops (specifically citrus and table grapes) could be reduced
down to the minimum quantity required for the survival of the plant. Crop yield would
be ignored and in fact discouraged in order to reduce water requirements as much as
possible. The water bank could then reallocate all of the remaining water and reimburse
farmers for the value of their lost potential net profit. A more radical extension of this
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policy might be to reallocate all irrigation water away from participating citrus groves
and vineyards. The water bank would reimburse the farmers for their lost profits and
"insure" the trees or vines. If the trees or vines die as a result of a lack of water, the
water bank would then pay the farmer to replant with a more water efficient crop. This
program would be administered in a manner similar to the current citrus uprooting
incentive program, and would again serve to promote both short-term supply and long-
term efficiency gains. Replacing permanent crops with seasonal crops could also help
with future water bank operations by creating more easily fallowable farmland from
which water could be reallocated during future droughts.
4.3.3 Activation
An emergency drought water bank is, by definition, an activity that only occurs during
extreme conditions. The full-scale operation of the water bank is likely to be limited to
serious multi-year droughts when surface water storage is low. It is likely that decisions
about the activation of the water bank will be made sometime between January to March
- after the rainy season but before the irrigation season.'
4.4 Water Buying Price
4.4.1 Water Banking Participation Approaches
Determining the method of compensating farmers for the reallocation of irrigation water
- therefore determining the effective price of reallocated water - is perhaps the most
important decision to be made by water bank managers. If the price is set too low, then
farmers will not be willing to participate and no water will be available for reallocation.
If the price is set too high then municipal water boards and domestic users will not be
willing to pay for overly expensive reallocated water. Issues of fairness must also be
considered when choosing the method of compensation. Paying for water by the cubic
67
meter is perhaps the most logical method of compensating farmers for the reallocation of
irrigation water. However, this method allows farmers of water-intensive crops to benefit
disproportionately and thereby rewards undesirable farming practices. A fixed price per
hectare of irrigated land could be offered to those who are willing to forgo irrigation, but
this method disconnects the price paid from the actual quantity of water reallocated.
Finally, any farmer who agrees not to irrigate could be reimbursed for all profits lost.
This perhaps seems the fairest method, since no farmer would gain or loose more income
than if he had not participated. But again, this would lead to a variable price of water and
some farmers would be paid much more than others.
Another important decision involving price, available water quantity, and overall policy,
is the level of participation for each farmer. One potential implementation plan is to
allow farmers to participate at a partial level. In other words, irrigation water might not
be completely curtailed but merely reduced. The farmers might then be compensated on
the basis of the final percentage of the water that they received. This type of approach
may make the most sense for growers of permanent crops. Farmers may not agree to
participate in the program if they do not receive enough water to keep their trees alive. In
this case some irrigation water must be delivered, but yields will be decreased or perhaps
even eliminated altogether. This approach would also allow the participation of seasonal
crop farmers who are willing to switch to crops which are less water intensive. Another
approach would be to require "all-or-nothing" participation in the water bank. A farmer
would either receive all allocated irrigation water and no compensation or no irrigation
water and full compensation. This approach would likely be easier to administer and
monitor because fewer farmers would be involved. Many farmers of permanent crops
might not be willing to participate in this type of program, though, because of the fear of
losing their trees or vines. At minimum, an "insurance" program would be required in
conjunction with this approach to compensate farmers who lose permanent crops. As has
been stated, the loss of some citrus crops might actually correspond to current
government policy of uprooting citrus trees to reduce total irrigation demand. A third
approach would combine aspects of the first two and require "all-or-nothing"
More details on the frequency of water bank activation are provided in section 5.10
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participation from farmers of seasonal crops, but allow for application of "survival-level"
quantities of water to permanent crops. The permanent crop farmers would be entitled to
full compensation for lost profits based on a complete loss of crop yield. In general,
reducing water application to minimum survival levels for permanent crops completely
prevents the development of any marketable fruit. Studies of some crops also indicate
that water stress can also affect yields in the following year, so it is important to apply
enough water to prevent long-term carry-over effects. In general, it is recommended that
no participation be sought from greenhouse and tunnel growers, as this is a highly
profitable industry and water brought from these growers would be highly priced.
In any case, no farmer will be entitled to compensation merely because his or her water
allocation is reduced during a drought. A farmer is only eligible for compensation if he or
she chooses to reallocate the water which he or she would have received after standard
drought reductions.
In summary, there are three water bank participation approaches:
1) Partial participation: A farmer may choose to yield any portion of his irrigation
allotment and receive compensation only for the water which he gives up;
2) Full participation only: A farmer must choose either to yield all of his irrigation
allotment and receive full compensation or not to participate in the water bank
and receive all allotted water and no compensation;
3) Combined approach <recommended>: Farmers of seasonal crops may only
choose "all-or-nothing" participation in the water bank. Growers of permanent
crops are entitled to participate in the water bank but still receive sufficient water
to keep their trees or vines alive. The permanent crop farmers would be
compensated for full crop loss. Table 4.7 shows the water quantities conserved
for reallocation as a result of the combined approach. It should be noted that the
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marginal cost of water varies with the amount of available water supply. Table 4.7
shows an example for an available supply of 140 MCM.
Table 4.7: Permanent Crop Group Profitability per Unit of Water and Marginal Cost of Water
Based on Full Loss of Yield and Application of "Survival" Quantities of Irrigation Water (Available
Supply of 140 MCM)
[Net Profit Only] . [Net Profit Only]
Minimum
"Survival- Water "Survival- Crop Profitability Marginal Cost of
Level" Water Conserved Level" per Unit of Water Water
Crop Type Require- for Irrigation
ment Reallocation Cost (CYEi m3) (CYE/ in3
(m3/ha) (m 3/ha) (CYF/ha)
Grapes 1,530 1,530 107.10 -0.84 -0.70
Citrus 5,000 5,000 350.00 -0.02 0.07
Tropical Fruit 6,675 6,675 467.25 0.88 1.02
Olives 2,688 2,688 188.16 0.92 1.06
Nuts 1,414 1,414 98.98 1.70 1.98
Deciduous Fruit 2,901 2,901 203.07 3.28 3.39
4.4.2 Compensation Methods
Even though water is the commodity that is sought by the water bank, using the cubic
meter of water as the basic unit of payment may or may not be the most effective way of
compensating farmers. Paying farmers per cubic meter of reallocated water is perhaps
the simplest and most equitable way of compensating farmers for reallocation of water,
however, farmers may not be used to thinking in terms of volumes of water. This may
cause confusion and result in farmers' unwillingness to participate. It may be useful to
approach farmers with an offer to pay compensation per hectare of land that is left
unirrigated or irrigated only at survival rates. The hectare is a unit that farmers are more
familiar with and so may be more acceptable to farmers. In either case, the buying price
per unit of water or per unit of land may be fixed at a specific level regardless of type of
crop. By fixing the price, the government would be effectively targeting certain groups
of farmers since farmers whose marginal costs of water are higher than the offered price
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would lose money by participating in the bank. The maximum amount of water available
to the bank would depend on the price offered. A higher price would attract farmers of
different types of crops, thus making more water available. The drawback is that if the
price is fixed high enough to attract farmers of very profitable crops, then the farmers of
less profitable crops such as citrus stand to collect a windfall profit, which may not seem
fair to other farmers. In order to avoid such a situation, a variable price could be offered
according to the type of crop. A farmer could be compensated for reallocated water
according to the typical level of net profit generated by the type of crop normally grown.
This method is fair because no farmer stands to make any more or less than usual, but it
means that the actual water obtained from farmers of different crops has a variable cost
even though there is no difference in the water itself.
As a summary, there are three possibilities for determining compensation to farmers (the
buying price of water):
1. A fixed price per cubic meter of water <recommended>: A farmer would be paid
based on the amount of water his or her crops would normally consume (according to
the Agricultural Research Institute data) and the average profit per unit area. A single
price would be offered by the Government per cubic meter of water transferred, thus
a farmer growing a more water-intensive crop would receive more compensation than
a farmer growing a less water intensive crop on an equal amount of land. The
government would use the marginal costs of water (with or without family labor) to
determine the initial buying price for water based on the amount of water required by
the bank. This would actually lead to a fixed price per hectare for each separate crop
group.
2. A fixed price per hectare: A farmer would be paid based on the area of farmland he or
she would normally irrigate. A single price would be offered by the Government per
hectare of irrigated farmland regardless of the type of crop grown on that land, the
profitability of the crop, or the water consumption of the crop. The government would
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use the net profits per crop (with or without family labor) to determine the initial
compensation rate per hectare based on the amount of water required by the bank.
3. A variable price based on the profitability of the crop grown on the land: A farmer
would be compensated for all the potential net profits he or she will forego due to
reallocation of irrigation water. Thus the price per cubic meter of-water or the price
per hectare of farmland would both be variable according to the type of crop. Offers
would first be made to farmers growing the crop with the lowest value to water use
ratio, then offers would be made to farmers of the crop with the second lowest ratio,
and so on until the necessary quantity of water has been purchased.
4.4.3 The Effects of the Irrigation Subsidy
A very important factor to consider when setting the offering price for water to be
reallocated by the water bank is the subsidy which is already paid by the government on
irrigation water. The government, through the WDD, is responsible for the operation and
maintenance of the dams, reservoirs, pump stations, and pipelines through which water is
delivered to towns, cities, and farms. On average the operation and management costs
'O&M' and capital costs of delivering a cubic meter of raw water to any location in the
SCP is approximately CYEC 0.20. This price includes operational costs of the WDD, and
energy costs of pumping water from the reservoirs. The full cost of raw water is included
in the final price paid by domestic users after treatment and delivery. Agricultural users,
on the other hand, are not charged full price for water. The average price charged to
farmers is CYE 0.07/m3 . Therefore the government loses CYE 0.13 on every cubic meter
of water which is sold to agricultural users. This loss is seen as a subsidy to agriculture.
Government policy is to provide a subsidy to agriculture by charging less than the full
O&M and capital cost of irrigation water. Subsidies at some level are, in general,
allowed under the terms of the loan agreements that financed the construction of the
water resources infrastructure. Subsidized agricultural water is also common throughout
the world. A case could be made that a simple reduction in the subsidy would cause a
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reduction in agricultural water consumption and therefore would decrease water deficits.
The arguments in defense of this are beyond the scope of this report, but it is important to
understand that there is a real cost to the government for each cubic meter of water
delivered to agriculture. There is no similar cost associated with the delivery of water to
domestic users. Therefore, if water normally allocated to agriculture is instead sold to
domestic users, the government actually saves CYE 0.13 per cubic meter. Operation of
the water bank requires that farmers be compensated for reallocation of their normal
allotment of irrigation water. Compensation of farmers is a direct cost to the government,
but it is in lieu of the subsidy normally paid on irrigation water since all reallocated water
will be sold to domestic users at full price. In other words, compensating farmers for the
reallocation of irrigation water is similar to directly paying a cash subsidy to them rather
than selling water at lower than full cost. Therefore, if the cash compensation is less than
CYE 0.13 per cubic meter, there is no net cost to the government. In fact, if the offering
price for reallocated water is less than the equivalent of CYE 0.13 per cubic meter, the
government actually realizes a net savings, as demonstrated in Table 4.8.
Table 4.8: Effect of Irrigation Subsidy on Water Bank Costs
Costs and Incomes on Raw Water Sales CYE/m 3 .
Irrigation Water Sold to Farmers
Full O&M and Capital Recovery Cost of Raw Water + 0.20
Price to Agricultural Users 0.07
Net Loss to Government - 0.13
Water Reallocated from Agriculture to Domestic Uses
Offering Price for Reallocation of Irrigation Water (Example) - 0.10
Full O&M Cost of Raw Water - 0.20
Price to Raw Water to Domestic Users 0.20
Unpaid Subsidy on Irrigation Water 0.13
Net Savings to Government 0.03
Total Net Cost of Water Banking @ CYf 0.10/M3 and 100% Participation
55 MCM (grapes & citrus) x CYE 0.03 / mi CYE 1,650,000
(Savings)
Total Net cost of Water Banking @ CYE 0.10/m 3 and 100% Participation with
Minimum Survival Level (50%)
55/2 MCM (grapes & citrus) x CYE 0.03 / m 3  CYE 825,000
(Savings)
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4.4.4 Transaction Costs
The operation of the water bank itself is not without costs. There are numerous
administrative costs that are separate from the cost of compensating farmers for
reallocated water. These costs include salaries for water bank staff, expenses involved in
negotiation of water bank contracts, information management expenses, and the costs of
the compliance-monitoring program. These transaction costs may have to be borne by
the government and will thus increase the total cost of the water bank program.
Alternatively, these transaction costs may be passed on to the municipal water boards
which purchase the reallocated water.
4.4.5 Replanting Subsidy / Permanent Crop Insurance
The Government of Cyprus and the WDD recognize that citrus crops are extremely
water-intensive and a major source of demand on the strained water resources of the
island. The Government has therefore enforced a policy to encourage the uprooting of
citrus orchards so as to reduce overall irrigation water demand. The Department of
Agriculture provides a premium of CYE 2,450 per hectare to farmers who uproot citrus
trees. In mountainous and under-developed regions, the Department will provide an
additional premium of CYE 2,000 to farmers who re-plant with trees other than citrus
(almonds, olives, carobs, etc.) (M. Markou, Feb 1999, personal communication)
Assuming an interest rate of 6%, the one-time cash payment for uprooting citrus trees is
equivalent to an annual payment of CYE 333 per year over 10 years. This is roughly the
same as the net profit (CYE 377) a citrus farmer might expect to make when the costs of
family labor are excluded. If re-planting is done, new trees could be expected to be
producing significant yields and providing replacement income within 10 years. The
subsidy therefore seems to be a reasonable inducement to farmers to uproot their citrus
orchards. Part-time farmers especially would seem to benefit from this policy since they
would no longer incur the opportunity costs associated with occasional work in the
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orchards. Based on to date evidence, however, there does not seem to be a large
movement on the part of farmers to take advantage of the replanting subsidy.
The goals of the water bank and the citrus uprooting premium program are compatible
and perhaps complementary. The water bank will seek to reallocate irrigation water
away from low value, high water-intensity crops - this clearly means-that citrus will be
the primary focus of the water bank. Reallocation of water away from a permanent crop
like citrus will, either by chance or design, create the possibility that some of the trees
may be lost due to water stress. The choice of how much "survival-level" irrigation will
be the key to whether or not "fallowed" citrus areas will survive the summer and remain
productive in following years. If "fallowed" trees are provided with reasonable quantities
of irrigation water (50% of normal requirements), then problems with trees dying should
be minimal. If no water is provided to "fallowed" permanent crops, however, it must be
expected that some (perhaps significant) portion of the trees or vines will die due to water
stress. In such a case it is essential that the water banking contracts contain a provision to
reimburse farmers for the loss of permanent crops. This provision would in essence be an
insurance policy against damage caused by the reallocation of irrigation water. Growers
whose trees die should be entitled to compensation of a magnitude similar to the current
premium paid for the uprooting of citrus orchards. It is unclear whether farmers would
be willing to participate in the water bank knowing that there is a possibility that their
trees may die, but if there are farmers who are willing to accept this risk then the water
bank might be used to encourage citrus uprooting. This type of policy will increase the
cost of water banking, but presumably certain funds have already been set aside by the
Department of Agriculture for paying the premium for uprooting citrus.
It should be noted that even if a grower is provided with adequate "survival-level"
irrigation water, some permanent crop losses might still result. Some farmers may decide
to fully irrigate half of their crops in order to collect the reallocation payment and profits
from the yield of half of their orchard. A policy should be developed for dealing with
this potential situation before water bank contracts are signed. Farmers who engage in
this practice are taking a risk in order to increase their profits and thus may be expected
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to accept the consequences of their actions. On the other hand though, if an overall
reduction of the total area of citrus is a high priority goal, then it may be in the
government's interest not to discourage such practices.
4.4.6 Initial Water Allocation Strategies
One of the most important factors in determining the feasibility and costs of a water bank
in Cyprus is the initial allocation of water resources. The primary assumption of the type
of water bank being proposed is that water can be reallocated from agriculture to
domestic, industrial, and tourist uses. The water bank will compensate farmers in order
to reallocate enough water to make up any deficit in municipal supply. It is therefore
essential to know the following:
1. How large is the domestic supply deficit?
2. How much agricultural water is available for reallocation?
In the case of California, the answers to these questions were reasonably clear. Cities and
farmers all had legal rights to certain amounts of water from certain sources. When water
is scarce, quantities are reduced according to pre-defined legal criteria. Therefore, all
users know precisely how much water to which they have a legal right.
By contrast, in Cyprus the legal rights of water users are less well defined. The law states
that the government retains all water rights. Farmers technically do not have a right to
any specific amount of water provided to them through the government conveyor
systems. In addition, much of the water that goes to both agricultural and domestic users
is stored and conveyed in the same government systems. The raw water itself is fungible
so that there is no physical way of distinguishing between water for agriculture users or
for domestic users. It is the function of the WDD to determine how much water is
delivered to farms and how much goes to municipalities and industries.
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In times of water surplus, this is not a difficult task because there is enough water to
satisfy all demands. But when there is a water deficit then decisions must be made
regarding who will receive water and how much. As the legal rights to water do not
reside with individuals, the WDD has considerable discretion in this matter.
The way in which water is initially allocated is of the utmost importance to the operation
of a water bank. The difference between the water allocated to domestic supply and the
normal domestic demand is the deficit which the water bank will seek to address.
Furthermore, the quantity of water that is available for reallocation is clearly related to
how much water is allocated to agriculture. The cost of water banking will depend on
which crops get irrigation water and how much water these crops are to receive. Paying
to fallow a crop which has not been allocated any irrigation water is pointless because no
water will be made available for transfer to other users.
The initial allocation system will determine both the viability and cost of water banking
in Cyprus. If domestic demand is automatically met by reducing supply to agriculture,
then there is no need for a water bank. It is unreasonable to pay for water which can be
obtained for free. Legally, this seems to be possible in Cyprus since farmers have no
codified rights to the water they normally receive. However, in practice this is not the
case. While Cypriot farmers may have no legal rights to irrigation water, the WDD is
clearly motivated to provide farmers with as much water as possible even to the point of
restricting domestic supply in order to deliver irrigation water. This situation is complex
and may be due to a number of different factors. Cyprus has made a significant
investment in developing agriculture and specifically irrigated agriculture. The
Government may be loath to see its investment go unused even during drought years.
Individual farmers have also invested in agriculture. The nature of farming in Cyprus
appears to make farmers a powerful political constituency. The small size of most farms
and the part-time nature of the farm work means that there are a large number of people,
i.e. voters, in Cyprus who have some personal stake in agriculture. These small, part-
time farmers are supplementing their normal income through agriculture. As a result, this
politically sophisticated group may exert a significant influence on WDD policy.
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The exact algorithm by which water is allocated by the WDD during droughts is
complex. The WDD has stated that domestic supply is its top priority. Nonetheless,
significant rationing of domestic supplies has been common in the last several years
during severe droughts. The WDD seems to have determined that 75% of normal
demand is the absolute minimum level of supply to domestic users. After supplying the
minimum domestic demand, the next priority is the irrigation of permanent crops. Only
after much of the demand of permanent crops and greenhouses is met, does the remaining
water get allocated to seasonal crops. In 1998, very little water was left over for seasonal
crops. The WDD also attempts to keep some water in the surface reservoirs as carry-over
storage (Socratous, 1998).
It is debatable whether or not the above is the optimal method for allocating water in
times of scarcity. Based purely on contribution to GDP and shadow prices, all domestic
demand would automatically be satisfied before any water was allocated to agriculture.
Even simply seeking to maximize WDD revenues would lead to full supply of domestic
demand since domestic users pay full price while farmers pay only a third of water costs.
It may be argued, though, that fairness requires that both agricultural and domestic users
be asked to conserve water in times of scarcity. If this is the case then water supply to
agricultural and domestic users should be reduced simultaneously and proportionally
until the minimum level of domestic supply is reached. Any additional reductions
required would then have to come from irrigation demand.
If fairness dictates that both domestic and agricultural users share in the burden of limited
water resources, then fairness should also dictate that scarcity constrains farmers of both
seasonal and permanent crops. It is reasonable to establish the protection of permanent
crops as a priority in water allocation, but profits for permanent crop farmers should not
be either more or less important than profits for seasonal crop farmers. In fact, if
optimizing total agricultural net profits is used as the criteria for allocating irrigation
water, all seasonal crops would be given water before citrus or grapes. A possible
compromise is to reduce the amount of water to both permanent and seasonal crops
simultaneously and proportionally with "survival-level" allocations as the minimum
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allocation to permanent crops. Thus if the situation were such that seasonal crop farmers
received no water and thus made no profits, permanent crop farmers would at the same
time receive only "survival-level" quantities and thus make no profits either.
Fairness in the initial allocation scheme is important for the water bank because
participation in the program is voluntary. Farmers must feel that the amount of
compensation that they are being offered is fair, otherwise they will not chose to
participate. Likewise, all farmers must have an equal opportunity to participate or they
will claim that one group is being favored over another. It is clear that table grape
farmers and citrus farmers will be most likely to participate in the program because these
crops are the least profitable, and citrus crops are the single biggest total water
consuming crop in Cyprus. If citrus farmers are given priority in initial water allocation
and then are also given the opportunity to participate in the bank, other farmers will
perceive (perhaps correctly) that citrus farmers are being given an advantage. In point of
fact, citrus farmers should actually be discouraged because of the low profitability and
high water use of their crops. All farmers should have the opportunity to make similar
choices about the water bank - either use the limited amounts of water resources
available and try to make a profit from farming or accept compensation from the water
bank and forego the benefits of irrigation. Each farmer should act in his own best
interest, and his choice should reflect the optimum uses of resources given his own
specific situation.
There is actually a third possible choice. Depending on the severity of the drought and
the staffing levels of the water bank, the government could allow farmers to use the water
bank to reallocate water among themselves. Farmers of high value crops might offer to
compensate farmers of lesser value crops in order to obtain supplemental irrigation water.
This system would allow farmers to make decisions about allocation based on
maximizing individual profit. If a farmer were unsatisfied with the quantity of water
available to him under the standard government allocation procedures, he would be free
to try to acquire additional supply so long as he can find a seller. Theoretically, this type
of market system would optimize farming production, but there are several difficulties
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with such a plan. It is likely that the Government, through the WDD, would want to
review all such contracts and to do so would require a very large staff. The bookkeeping
would be difficult and additional work might be necessary in order to enforce the terms
of all the agreements. Competition from farmers might also drive up the cost of water
banking for municipal supplies. Simply raising the price of irrigation water might
achieve the same goal with much less effort on the part of the government.
Thus it is important to understand the water allocation policies within which a water bank
might function. The allocation strategy assumed for the purpose of modeling water bank
operation is detailed in Section 5.2.
4.4.7 Non-Emergency Uses of the Water Bank
The emergency drought water bank that is being proposed is by definition a management
tool which is meant to be utilized during times of water scarcity. However, there are
potential uses for a water bank during times of water surplus as well. Significant surface
water storage capacity has been built in Cyprus in the form of reservoirs. Yet many of
these impoundments, Kouris in particular, have never filled or are rarely filled. If
reservoirs are not filled during water surplus years, then the storage capacity serves no
purpose in helping to mitigate the effects of drought during water-poor years. A non-
emergency water bank could continue to function even in years when supply exceeds
demand with the purpose of increasing the volume of water stored in the reservoirs.
Limited volumes of water could be reallocated away from irrigation and left in storage in
the reservoirs. This water would then be available for use in supplementing supply in
years when rainfall is short. The cost of this type of program would be minimal due to
the subsidy paid on irrigation water. Water not allocated to agriculture is water that does
not need to be subsidized at a net cost to the government.
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4.5 Third Party and Environmental Impacts
The water bank is an effective way of reallocating water without causing undue hardship
to farmers. Farmers who do not produce crops due to the reallocation of their irrigation
water are compensated for lost profits; however, there are other groups which may be
affected by reduced farm output who will not be compensated. Those individuals who
work as hired farm labor, who work in food processing businesses, farm product
transportation industries, or who sell agricultural support equipment such as fertilizer,
seed, or irrigation equipment may adversely be affected. The reduction in farm output
may reduce profits to these types of businesses or even cause job losses due to decreased
business activity.
After California implemented emergency water banking activities and other irrigation
water reducing measures between 1986 and 1992, many parties became interested in
possible third-party impacts. The U.S. Environmental Protection Agency commissioned
a report to determine how agriculture was affected by such water reductions. The report
(Rand, 1998) concluded that farmers adjusted to reduced water supply by improving
irrigation efficiencies, switching crops, and fallowing land. However, the report also
concluded, not surprisingly, that farmers, like those in all other sectors, suffered due to
the drought, though the water bank did help. The long-term effects on third-party
agricultural employment were more ambiguous. There may have been offsetting effects
for a variety of reasons, including changes in cropping patterns towards more labor-
intensive crops.
In Cyprus, the potential effects of water banking on third parties are likewise uncertain.
Reduction of water to agriculture is certain to decrease yields, but water would be
reduced during drought years with or without a water bank. A water bank would almost
certainly reduce citrus output and thereby reduce the need for hired labor on citrus farms.
Production of seasonal crops would likely decrease less in drought years due to a water
bank since currently water is reallocated from seasonal crops first. Hired labor displaced
from the citrus orchards might find work in seasonal crop fields. There is also some
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indication that a certain portion of farm laborers are foreign nationals, therefore,
reductions in unskilled farm labor may not effect the Cypriot employment levels.
Certainly a sizable number of Cypriots must have a secondary connection to citrus
production in light of the volume of citrus grown. A significant reduction in the yield of
citrus due to water banking could effect many more individuals and businesses beyond
just the farmers and farm laborers. In California, concerns about third-party impacts led
to policy decisions restricting the amount of land which could be fallowed in any one
area by actions of a water bank. It is thought that such a policy will spread the indirect
effects of water banking widely enough to prevent large-scale unemployment or business
failures. In California, no more than 20% of water from any one project may be
transferred in any one-year (DWBP, ref #14). Such a policy might be applicable to
Cyprus. Third-party impacts could be limited by restricting the amount of reductions in
crop yields caused by a water bank. Such limitations would also limit the amount of
water available to be reallocated. During severe drought, restricting the percentage of
cropland to be fallowed might make the water bank incapable of producing sufficient
water to satisfy all municipal demands.
In addition to unintended economic consequences, the water bank might also have
unexpected environmental effects. Increased groundwater pumping is perhaps the most
undesired consequence of water banking. It is possible that farmers who choose to
participate in the water bank may choose to substitute groundwater for reallocated surface
water. A farmer would have strong incentive to do so because he or she would stand to
profit twice under such a scenario once from government compensation for surface water
reallocation and again from profits realized on groundwater-irrigated crops. Clearly,
increased groundwater pumping is an unacceptable side effect of water banking since
most aquifers are already over-pumped. An important part of any water bank contract
with individual farmers must be a provision forbidding additional pumping by farmers
participating in the water bank. The stiffest penalties must be attached to this condition
and enforcement must be vigorous. Verification of compliance with the terms of the
agreement will need to be a priority of the government. Monitoring may take the form of
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site visits, spot checks, aerial photography, and groundwater observation well monitoring.
Enforcement of rules against additional pumping will involve significant effort on the
part of the water bank implementation agency, but staff currently employed to read water
meters may be capable of doing the monitoring along with their current duties.
A more subtle type of environmental consequence of water banking might involve
changes to the Cypriot landscape. It is possible that water banking might have the effect
of encouraging farmers of unprofitable crops - particularly citrus- to either change crops
or give up farming altogether. While citrus orchards may be unprofitable from an
economic viewpoint, they do have an undeniable aesthetic appeal. Citrus tree orchards in
Cyprus may have a existence value which exceeds the actual profitability of the fruit
produced. It may be in the interests of the people of Cyprus to subsidize an unprofitable
and water-intensive crop in order to maintain the aesthetic benefits of the citrus orchards.
On the other hand, the citrus orchards are a recent addition to the Cypriot landscape, and
are clearly an expensive luxury to maintain when they serve only as decoration. This is a
policy issue which must be decided by the government and people of Cyprus. If it is
decided that there is a high existence value to citrus orchards, the water bank program
should account for this. Minimum levels of irrigation supply should be maintained in
order to prevent trees from dying. It should be noted though that most of the citrus
orchards in Cyprus are very dense in terms of trees per hectare. This is the best way of
maximizing per hectare yield, but it may not be necessary to maintain such tree density
for aesthetic considerations. Thinning of orchards might be a reasonable way of
preserving the landscape benefits of citrus orchards while at the same time freeing water
for reallocation to more profitable crops and domestic use.
Other environmental effects of water banking might include habitat impacts due to
changes in crop patterns. The rate of groundwater recharge under irrigated fields might
be slowed, but probably not substantially since high-efficiency irrigation systems are
designed to prevent deep percolation. Likewise, stream flows should not be adversely
affected. Some environmental effects may be beneficial. If banked water is set aside as
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carry-over storage, then higher reservoir levels will provide increased fish habitat and
serve to improve the aesthetic appeal of the reservoir.
Some third party impacts and environmental consequences are predictable, so any water
bank program should be designed to avoid or minimize these problems. Other effects are
more difficult to predict and therefore must be dealt with as they occur.-
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CHAPTER 5: WATER BANK OPERATION AND RESULTS
Now that the application of the water bank has been documented in Chapter 4, a
numerical model has been created to study its feasibility.
5.1 Method of Analysis: Excel
Using Excel spreadsheets of the crop data, it is possible to calculate the parameters of
interest -namely water volumes; buying price; total cost of water banking; crop areas to
be fallowed; and post-banking allocations. This is done by iteration, first by calculating
the quantity to be banked as the difference between the predicted domestic demand and
water is available for the deficit to be eliminated. Finally, the percentage area fallowed is
adjusted until the quantity banked is sufficiently close to the deficit. The total cost is the
product of the buying price and the quantity banked. The post-banking domestic
allocations are the sum of the initial allocations and the quantities banked. As will be
seen, this does not always result in full domestic demand satisfaction because of the
severity of the shortages2.
5.2 Pre-Banking Allocation of Water
The assumed current allocation scheme used by the WDD in the SCP is shown in Figure
5.1. The scheme shows decreasing allocations to each sector as the total water available
decreases. To calculate the allocations in any year, the total available water is first
estimated. Then the relative quantity to each sector is read as the height of the bar on the
histogram.
2 The Excel worksheets used to formulate the water bank are contained in Appendix B
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Figure 5.1: SCP Current Water Allocation Scheme during Drought Year (Includes Water from all Sources Connected to the SCP)
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The demand for water by the municipalities is assumed to be reasonably fixed and
accounts for the numbers of tourists expected. The irrigation demands are recalculated
each year, when each farmer submits an application for a quantity of water for his
proposed crops. The allocation scheme set out by the Water Development Department
(WDD) (G. Socratous, 1998) has been closely followed as a guideline. Allocation is
based on the total available water (TAW) from all sources.
The first priority of the current allocation scheme is to ensure that domestic demand is at
least 75% satisfied to maintain a certain standard of living. This can at present be met by
supplies from groundwater and desalination alone. The next priority is that of ensuring
survival levels of supply to the permanent crops. These are expensive to replant and take
approximately 10 years to grow back and begin to yield fruits. Lastly when water has
been allocated to the above 2 consumers, the seasonal crops begin to receive their share.
The quantities supplied to municipalities and permanent crops both increase
proportionally as the total water available increases. The effect of having to ration
domestic supplies is that the control valves from the municipal reservoirs are opened only
2 or 3 days per week. During this period, residents attempt to fill their water tanks
(situated on rooftops and in basements). The residents are then forced to ration out the
quantity contained in the tanks until the next expected supply from the mains. This results
in a considerable inconvenience, but has not caused a society to turn against agriculture,
demonstrating the relative importance of agriculture as a way of life. In emergency
situations i.e. when the existing desalination plant is shutdown, even the 2 or 3 day
supply does not occur. This causes extreme inconvenience and presents a definite health
risk. The reliability of the system is thus questionable in such unusual cases.
Any water that is not required to satisfy the stated demands is stored for the following
year. The only groundwater recharge schemes at present are used to recharge the
groundwater abstracted by certain municipalities. There is thus no net recharging of the
aquifers and the annual groundwater over-exploitation is estimated at 40 MCM.
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5.3 Volumes to be Banked
The quantities to be banked should be kept as small as possible to minimize the cost to
the Water Development Department (WDD). In an open economic market, the demand
for domestic water would tend to decrease during drought because of the rise in value due
to scarcity. The predicted decrease in domestic demand as a function of shadow values
over the range of interest (TAW between 60 and 140 MCM) is negligible and has been
excluded in these calculations.
The water available to be banked, shown in Figure 5.2, is a function of the total water
available(TAW). For the case of a TAW over 140 MCM, the crops are receiving all they
require, but there is no need for a reallocation of water. At 140 MCM, the water needed
to be banked is zero as there is no expected deficit in supply. When the TAW falls below
140 MCM, allocations are reduced and a supply deficit is created. The deficit increases
linearly until 12 MCM when the pre-banking allocation for domestic uses is reduced to
75% i.e. 37 MCM. This value does not change as the total water available is reduced
from 105 to 50 MCM because according to the allocation scheme, 75% of the domestic
demand is always satisfied (Figure 5.1). So, as mentioned above, at a TAW of 90 MCM,
the water required to be banked is 12 MCM, but the water available from the fallowing of
citrus crops alone is only 10.5 MCM. Water banking is thus unable to satisfy full
domestic demand by reallocation of water from citrus and grapes alone, since water
available for banking is less than the water needed to meet full domestic demand. If the
full domestic demand is to be satisfied, other crops should be fallowed. For the option of
fallowing all crops, there is, of course, more water available than from fallowing citrus
and grapes alone and the domestic deficit can be eliminated. However, when the total
available water TAW drops to 70 MCM, even fallowing all crops is not enough to fully
satisfy the domestic demand. This is because when the total available water (TAW) is as
low as 70 MCM, the volume of water allocated to agriculture according to the pre-
banking schemes is itself low and since minimum survival levels of water (50%) are to be
given to permanent crops, the volume of water available to be banked becomes small.
Accordingly, for TAW levels below 70 MCM, the Water Bank has little application.
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Water to Be Banked
50% "survival" water allocated to permanent crops
Water Needed
50 70 90 110 130 150
Total Water Available in the SCP (MCM)
- Water Needed - Water Banked from Citrus & Grapes - Water Banked From All Crops
Figure 5.1: Water to be Banked (50% "Survival" Water Allocated to Permanent Crops)
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Figure 5.2 shows the volume of water needed to satisfy full domestic demand as well as
the potential amount of water available from fallowing (1) grapes and citrus only and (2)
all crops.
If the constraint of always allocating survival water to permanent crops is lifted, then the
water bank requirements can be met until TAW is 50 MCM. This minimum supply can
currently be guaranteed from groundwater, desalination and re-use of wastewater.
However, where desalinated water serves only domestic purposes, reused wastewater,
although tertiary treated, is only used for the irrigation of aboveground crops. Of course,
there is always the option of putting the re-used water through the water treatment plant,
but such a measure is rarely appreciated by the society. The cost of constraining the
supply of survival water to permanent crops is visible in terms of quantity as the
difference between the water required by the bank (12 MCM) and the water available.
The actual cost of this constraint has been calculated and is detailed in Section 5.9.
5.4 Price of Water to be Banked
The price of purchased water should reflect the loss of revenue incurred by farmers
because of the water sold. The various pricing strategies have been examined in Chapter
4. Setting the price per cubic meter appears to be the least contentious and so has been the
criterion chosen. The disproportionate benefits for farmers of water-intensive crops
feared in Chapter 4 should not occur, as most of the water-intensive cropland is given
over to citrus which is low profit anyway. Figure 5.3 shows the buying price of water as
the TAW is reduced. Prices are shown for both the citrus and grape only case and the all
crop case.
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Buying Price to be Offered by Water Bank
70 80 90 100 110 120 130
Total Water Available in the SCP (MCM)
1 40 Citrus and
Grapes
UCitrus & Grapes Only EAII Cropsj
Figure 5.1: Buying Price to be Offered by Water Bank
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At 140 MCM, the quantity of water to be banked and price paid are both zero. After a
slight decrease in TAW, prices need to be just high enough to attract citrus and grape
farmers only. As the net profit from citrus is low, the buying price of water is also low.
The buying price increases linearly as the total available water decreases while the net
compensation per hectare is roughly the same. Eventually the quantity available from
citrus and grapes is no longer sufficient to meet the water bank demand, so a rise in price
is shown when water is now purchased from more profitable crops, groundnuts etc.
Fallowing all crops causes a substantial increase in price, which becomes CYE 0.53/m 3
for an estimated TAW of 90 MCM. In this case-when the TAW is 90 MCM-- the option
of fallowing citrus and grapes only at a lower price (CYE 0. 19/m 3) still exists but the
domestic demand will not be fully satisfied. Again because of the limited existing area of
groundnuts and other crops with low marginal water costs, the quantity available to be
purchased is also limited. In order to purchase more water, the price rises to CYE 0.60/m3
for a TAW of 80 MCM; in this case, six crop groups are fallowed (Table 5.1).
These prices are not inclusive of the cost of potable treatment and conveyance which are
taken to be CYf 0.24/M3 on average. Thus the total cost to consumers for purchasing
water obtained by fallowing almost all crops is CYE 0.84/m 3 (TAW of 80 MCM), which
is comparable to the cost of desalinated water CYE 0.72/m 3 (production costs of
CYE0.54/m 3 and conveyance costs of CYE 0.18/m 3). Whereas the total cost of water
purchased from fallowing citrus and grapes only exceeds the cost of desalinated water
when the total available TAW is 70 MCM.
On top of these buying prices an additional bonus may be placed to encourage farmers to
take the time to investigate this offer. Thus it will be possible to operate the water bank
with voluntary participation, i.e. the prices are clearly high enough to win over the
farmer's mind. This bonus should be reasonably small as it may be seen as soft favoritism
of agriculture by other industry sectors. The lessons learned by the Californians should be
taken to heart to prevent windfall situations: the initial price should not be set
unreasonably high.
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5.5 Crop Areas to be Fallowed by Bank
The model has maintained the constraint that any water needed by permanent crops for
survival purposes would not be available for purchase by the bank. Thus only water
allocated above these survival levels could be considered for purchase. The term "areas
fallowed", when applied to permanent crops, then refers to areas receiving survival levels
only when the rest is sold to the bank. This area fallowed is zero in times of plentiful
supply and only begins to rise when TAW is less than 140 MCM. The areas fallowed
increase linearly as TAW decreases until all existing areas of the selling crop are
fallowed, as shown in Figure 5.4. The use of this Figure is straightforward: when the
TAW is known, the percentage areas of crops required to be fallowed by the Bank is read
off directly. The relative size of third party and market impacts can then be considered
based on the areas taken out of production.
The geographical distribution of these fallowed crop areas is proposed to be as even as
possible to prevent any localized third party effects as detailed in Chapter 4. Each
irrigation district would be offered a fixed area to fallow with the specific farms to be
fallowed determined by the district. The experience of the Land Consolidation Authority
would be used to solve disputes in any district over favoritism. As described in Chapter 4,
third party effects may arise with a decrease in greenery. The potential results are a
possible negative effect on tourism and a loss of topsoil from exposure to the elements.
Table 5.1 shows the fallowing scheme when the buying price is set high enough to attract
farmers of all crops. Fallowing of all crops maximizes the amount of water available to
be banked. Following on the idea of buying at least cost, the least profitable crops will
tend to be fallowed first and then additional crops moving in order of ascending
profitability. Nonetheless, banking costs will be much higher than if only citrus and grape
were considered.
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Percent of Citrus & Grapes to be Fallowed in SCP
All Costs Included - 50% "Survival" Allocation
60 80 100 120 140
Total Water Available in the SCP (MCM)
I-Citrus & Grapes
Figure 5.4: Percent of Citrus and Grapes Areas to be Fallowed in the SCP
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Table 5.1: Crop areas (%) to be Fallowed by Bank
SCS Total Citrus Ground Colocasia Melons & Potatoes Olives, & Tropical
Storage Water & nuts Vegetables Vegetables Fruits,
(MCM) Available Grapes Berries,
(MCM) Nuts, &
Deciduous
Fruits
17 67 0 0 0 0 0 0 0
17 67 100 100 100 100 100 100 100
20 70 100 100 100 100 100 100 100
21 71 100 100 100 100 100 100 100
22 72 100 100 100 100 100 100 100
23 73 100 100 100 100 100 100 100
24 74 100 100 100 100 100 100 100
25 75 100 100 100 100 100 100 100
27 77 100 100 100 100 100 100 100
28 78 100 100 100 100 100 100 100
29 79 100 100 100 100 100 100
30 80 100 100 100 100 100
35 85 100 100 100 100 5
36 86 100 100 100 100
40 90 100 100 100 10
41 91 100 100 100
42 92 100 100
50 100 75 10
60 110 57
70 120 32
80 130 14
90 140
Table 5.1 shows the fallowing scheme when the buying price is set high enough to attract
farmers of all crops. Fallowing of all crops maximizes the amount of water available to
be banked. . Following on the idea of buying at least cost, the least profitable crops will
tend to be fallowed first, additional crops moving in order of ascending profitability.
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5.6 Total Cost of Water to be Banked
The gross cost of the water bank is the amount actually paid to farmers to reallocate their
water. Because the buying price and quantities to be banked are both zero for a total
available water TAW of 140 MCM or above (Figure 5.5), the total bank costs are also
zero. As the TAW drops below 140 MCM, the associated quantities to be banked and the
price increase until a maximum is reached at approximately 90 MCM. As the quantity
available to be banked decreases, the water bank costs also decrease, despite increasing
costs per cubic meter. If the total available water (TAW) is known, then the gross cost is
read directly from Figure 5.4. It has been assumed that there has been no purchase of
water from abroad, which was last priced in the range of CYE 1.5 - 2/m 3.
Net cost of the water bank is calculated considering the subsidies paid at present on
irrigation water. The actual cost to the government is this net cost, i.e. the gross cost less
the subsidy. Figure 5.5 shows a negative net cost, i.e. a net gain for the case of TAW
between 140 and approximately 100 MCM because, as can be seen from Figure 5.3, the
buying price is still at or below CYE 0.13/m 3 , which is the level of subsidy. Thus water
banking for this range of TAW has a double benefit of saving government expenditure on
subsidies and also ensuring full domestic supply at no additional cost. Below a TAW of
100 MCM, the buying price is above CYE 0.13/m 3 and thus there is a positive net cost. In
a classical economic market full costs would be passed onto the consumer. Actual full
costs change with scarcity, but it is hard to justify to the public rapid changes in
consumer's price based on scarcity. The calculations represented by Figure 5.5 and
Figure 5.6 are based on the current water prices and subsidy level. It is entirely possible
that these variables will change in the future; however previous attempts by the WDD to
increase the price of water to municipalities have been rejected by Parliament. Price
increases are not foreseen in the near future. Nevertheless the future of this subsidy is
limited because of the Cypriot's intention to join the EU.
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Water Bank Costs to the Government
for fallowing only Citrus and Grapes
60 70 80 90 100 110 120 130 " 140
Total Water Available in the SCP (MCM)
F Gross Cost - Citrus & Grapes Only -- Net Cost - Citrus & Grapes Only
Figure 5.1: Water Bank Costs to the Government for Fallowing Citrus and Grapes Only
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Costs to the Government for Fallowing all Crops
60 70 80 90 100 110
Total Water Available in the SCP
120 130 140
Figure 5.2: Total Costs to the Government for Fallowing all Crops
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Figure 5.6 shows gross and net costs when all crops are sought for water banking. A net
savings is seen when droughts are not severe, but costs escalate quickly.
There remain the questions of when and from where water bank costs shall be paid.
Traditionally, farmers are forced to wait until post-harvest to gain their yearly return, but
they may well have some credit facilities with suppliers and general stores to tie them
over until then. It is proposed that the payments for the water purchased would be done in
installments. This suits the government, as a large sum is not required to be paid up front.
It also has the benefit of putting a hold on the farmer, in that, if it is monitored that a
farmer has sold his available water but has irrigated crops with groundwater, then the
series of payments would be stopped. The farmer has little room to complain as these
payments are to be made on a regular basis, and thus he has a regular and secure income,
every farmer's dream.
The source of funding for expenses incurred by the water bank would be the central
government, logically the same funds which pay for the agricultural subsidies would be
used. The WDD would be unable to meet the costs of water banking within its current
budget. The total cost of the irrigation water subsidies in an average year amount to 90
MCM x CYE 0.13/m 3 = CYE 11.7 millions. This cost is much larger than the maximum
net cost of water banking to be incurred at CYE 1.5 millions. Thus it is assumed that this
cost is not necessarily beyond the government's means, and merely requires the correct
political climate to be accepted. Here, it is important to point out that farmers would only
be paid for water they were entitled to according to the pre-banking allocations schemes.
This water volume, in drought situations -when the bank needs to be activated--, would
naturally be less than the normal irrigation demand. Nevertheless, it is this reduced
volume of water that the bank would buy: compensating farmers for the losses they incur
due to normal drought water scarcity is not the job of the Water Bank.
The benefits from the purchased water will be witnessed immediately when rationing is
ended and the number of tourists arriving in the high season rises. Also other industries
will be able to return to full production with an assured full supply. Thus while a standard
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capacity expansion project will incur large costs up-front and receive benefits in return
over the following years, the water bank is the reverse. The costs are slow to occur, as
installments to farmers, while the benefits are quickly realized.
5.7 Post-Banking Allocation of Water
The real benefits of the bank are clearly seen in Figure 5.7 for the case when only citrus
and grapes are fallowed. The satisfaction of domestic demand remains at 100% until the
TAW drops below 100 MCM. Previously this level of satisfaction would have dropped
when TAW was 140 MCM. The minimum satisfaction at 75% only occurs at 60 MCM
whereas previously this would have occurred at 100 MCM. Thus the domestic demand
satisfaction has been effectively translated to the left, resulting in significantly larger
supplies to domestic consumers in times of scarcity. Domestic demand satisfaction is
even better when all crops are to be fallowed (Figure 5.8), but the cost increases
significantly. The comparison of allocation schemes, as shown in Figure 5.9, allows one
to see the benefits of water banking. The municipalities would have an obvious interest in
the water bank as their needs are served, but at an increasing cost to the government.
Such costs may not be justifiable in all cases. When the TAW is low, the agricultural
sector receives little more than survival levels of water after having willingly sold the
rest. As shown in Figure 5.9, the percentage satisfaction of domestic demand merges for
the three allocation schemes when TAW is at 60 MCM (when the bank has no water to
buy). This level of availability occurs rarely i.e. once in every 20 years.
100
SCP Water Bank
Citrus & G
(Includes
Drought Year Allocation Scheme -
rapes Only to be Fallowed
all sources connected to the SCS)
EDomestic
EJG reenhouse
USeasonal
EE Permanent
% Satisfaction
of Domestic
Demand
50 60 70 80 90 100 110 120 130 140
Total Water Available in the SCP (MCM)
Figure 5.1: Post-Banking Allocation Schemes (Fallowing Citrus and Grapes only)
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Figure 5.2: Post-Banking Allocation Schemes (Fallowing all Crops)
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It is important to remember that water banking is a management concept rather than a
physical process. The purchased water has in fact not traveled at all and remains in
storage either above ground, sub-terrain or in the sea. Willing sellers i.e. farmers never
physically receive their allocation of water which they have sold. The water goes directly
from the source to the final buyer. The total reservoir evaporation quantities will tend to
increase slightly because of the longer storage period of the domestic supplies. The main
network of conveyance pipes will not be over-loaded by this purchased water as the
quantities supplied will be no greater than those in a typical year. The predicted domestic
demand in the year 2020 is 72 MCM (World Bank, 1996) and as the design life of the
Southern Conveyor Project SCP is at least 80 years, so the capacity of the conveyance
structures is judged to be at least this much. There are no limitations on the schedule of
delivery of water to the municipalities.
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Figure 5.3: Comparison of Allocation Schemes
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5.8. Method of Analysis: GAMS
The program General Algebraic Modeling System (GAMS) facilitates the construction
and the optimal solution of large and complex mathematical programming models and
provides a useful basis for policy analysis and decision making. The optimization model
has been expressed independent of the data it uses. This separation of logic from the
acquired data allows increasing the problem size further without causing an increase in
the complexity of the representation. The objective function is to maximize the national
welfare and is expressed in terms of net benefits (total benefits minus costs). A constraint
on the minimum supply to the domestic sector is not necessary, although it is a priority,
as the optimal allocation will tend to favor the domestic sector. A constraint on the
minimum supply to permanent crops can be turned on and off, to compare the effect on
benefits from the consumed water. This is discussed in Section 5.9. The survival
quantities are set at 50% of the normal demand, but may be varied to demonstrate the
effect of relaxing the constraint. As the initial allocation scheme, shown in Section 5.2,
sets the domestic supply to 75% of the predicted demand for a total available water
(TAW) less than 105 MCM, the program sets this as a constant (75%) also. A constraint
for the capacity of the reservoirs and the routes of the network is considered unnecessary
because of the drought conditions modeled.
The optimal quantities to supply to domestic and irrigation sectors are then found by
maximizing the total benefits of both, less the costs of production and conveying of water
to both. The crop benefits are exclusive of irrigation costs and all of the costs are
operating and maintenance only. This maximization is done without bias and no penalty
costs have been imposed for failing to meet any one demand. From this the optimal
irrigated area of each crop, the decision variable is calculated taking into account the
water consumption of each crop.
The areas of each crop to be fallowed are calculated as the difference between the initial
allocated crop areas minus the optimal crop areas. As a further constraint, a limit may be
placed on the maximum area of any one crop to be fallowed, for staple food production
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or hard currency earning crop. The unit value of the water transferred between the
allocation schemes is calculated as the increase in benefit from an additional unit of
water. This can be taken as a starting price to be tendered for the purchase of the
reallocated quantity. Finally the total area fallowed is summed.
It is intended that the GAMS simulation is carried out during the period between the end
of the rainy season and the beginning of the irrigation season, so that the supply
quantities assumed in the simulation are all existing (stored volumes in the reservoirs)
and the irrigation areas are still variable. Thus uncertainties of inflows are not considered
here. Also, if substantial inflows occur during the irrigation season, the simulation may
be re-run with the adjusted supplies, reducing quantities to be banked and areas to be
fallowed.
5.9 Cost of Constraint of Providing Survival Water to Permanent Crops
The constraint of having to keep the permanent crops has been maintained throughout the
analysis and it has been assumed that 50% of the full demand is what is required by the
crops to remain alive without any lasting effects. This is in keeping with the allocation
scheme as set out by the Water Development Department WDD (G. Socratous, 1998), but
has the effect of reducing the total benefits to be obtained from the water. For the purpose
of comparison, this constraint is removed and the benefits are recalculated. The
difference in benefits is effectively the cost of enforcing the constraint. A program to
calculate such benefits has been written in GAMS format and is contained in Appendix
C. The plot of cost of the constraint vs. total available water is shown in Figure 5.10. The
cost is only noteworthy when the TAW is less than 75 MCM. The aesthetic value which
one may place on growing orchards may then be measured against the predicted cost of
keeping them alive.
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Cost of Constraint: Survival Water to Permanent Crops
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Figure 5.1: Cost of Constraint: "Survival" Water to Permanent Crops
5.10 Frequency of Water Bank Activation
A reservoir simulation, carried for the past 80 years in a separate study3, has shown that
the likelihood of a total available water TAW less than 140 MCM is approximately 22%.
Thus a situation suitable for water banking it is expected approximately every 5 years. As
the occurrence of drought is shown to have a return period of ten years and typically to
last 2 to 3 years, the likelihood of drought also has an effective return period of 5 years.
The evidence of locking of the hydrology system into multi-year droughts is strong. Thus
it is expected that the Water Development Department WDD would be interested in
3 See "Solutions to Water Scarcity in Cyprus: A Proposal for Water Banking" (Section 3.2), by the MIT
Water Resources Group.
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utilizing water bank procedures to increase carryover storage during the first year of a
predicted multiple-year drought. The design of reservoirs for multi-year storage will aid
this process.
As mentioned before, the water bank will fail to meet the full satisfaction of the domestic
demand whenever the total available water falls below 90 MCM, when fallowing citrus
and grapes only. This occurs whenever the water level in the Southern Conveyor Project
reservoirs drops below 40 MCM (since 50 MCM are provided from groundwater,
desalination and wastewater reuse). According to the study about the reservoir simulation
model, this happens in 11% of the cases. Therefore, the water bank succeeds in
increasing the reliability of the system by 11%. In comparison, full domestic demand is
met until the TAW drops to 80 MCM, when fallowing all crops.
5.11 Summary Tables
The results of this Chapter can be summarized in the following user's tables. Table 5.2
lists relevant data for water banking using citrus and grapes only. Table 5.3 lists the same
data when water banking includes all crops.
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Table 5.1: Summary Table for the Option of Fallowing Citrus and Grapes Only
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Total % Domestic Deficit Water to be Buying Price % Area to Total Gross Total Net % Domestic Increase in
Available Demand (MCM) Banked (CY E/m3 ) be Government Government Demand Satisfaction
Water (MCM) Satisfaction (MCM) Fallowed Cost (Million Cost ( Satisfaction (%)
(Pre- CYE) Million CYE) (Post-
Banking) Banking)
50 75 12 0 n.a. n.a. n.a. n.a 75 0
60 75 12 0 n.a. n.a. n.a. n.a. 75 0
70 75 12 1.4 1.36 100 1.904 1.722 78 3
80 75 12 5.7 0.34 100 1.938 1.2 87 12
90 75 12 10.4 0.19 100 1.976 0.62 97 22
100 75 12 12 0.14 82 1.68 0.12 100 25
110 79 12 10.5 0.11 57 1.16 -0.21 100 21
120 86 12 7 0.09 32 0.63 -0.28 100 14
130 93 12 3.5 0.08 14 0.28 -0.175 100 7
140 100 12 0 0 0 0 0 100 0
Table 5.2: Summary Table for the Option of Fallowing all Crops
Total % Domestic Deficit Water to be Buying % Area to be Total Gross Total Net % Domestic Increase in
Available Demand (MCM) Banked Price (CY Fallowed Government Government Demand Satisfaction
Water Satisfaction (MCM) E/ma) Cost (Million Cost ( Million Satisfaction (%)
(MCM) CYE) CYE) (Post-
Banking)
50 75 12 0 n.a. refer to Table 8.1 n.a. n.a. 75 0
60 75 12 0 n.a. n.a. n.a. 75 0
70 75 12 3.1 4.58 14.2 13.8 82 7
80 75 12 12 0.6 6.57 5.15 100 25
90 75 12 12 0.53 6.36 4.8 100 25
100 75 12 12 0.14 1.67 0.12 100 25
110 79 10.5 10.5 0.11 1.15 -0.21 100 21
120 86 7 7 0.09 0.63 -0.28 100 14
130 93 3.5 3.5 0.08 0.28 -0.175 100 7
140 100 0 0 0 _0 0 100 0
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS
6.1 Summary of Findings
Cyprus has a water scarcity problem. It has been demonstrated through anecdotal
information, analysis of historic hydrologic data, and numerical simulations that water
supplies cannot be counted on to reliably meet current and projected demand levels.
Geographic, climatic, economic, and political factors all combine to exacerbate the water
problems of Cyprus. Innovative solutions will be needed to enable the continued growth
and prosperity of Cyprus in the face of frequent periods of severely limited water
resources.
A number of conventional and non-conventional means are available to deal with water
shortages. These alternatives generally fall under either the category of supply
enhancement or demand reduction. Options for supply enhancement in Cyprus are
exhausted due to the extensive amount of water resources development which has already
occurred in Cyprus. Most of the feasible reservoir locations have already been exploited,
all groundwater reserves have been identified and (over) tapped, and even marginal
supply enhancement strategies such as cloud seeding have been attempted. One supply
enhancement strategy which is currently being implemented in Cyprus is desalination.
Presently there is one 40,000 m3 / day plant in operation, another under contract, and two
smaller units planned. Desalination is alluring because it potentially offers a virtually
unlimited supply of fresh water from the sea, but there are a number of drawbacks as
well. The cost of desalination is high, even with new reverse osmosis technology, and is
directly linked to the cost of oil. In a sense, desalination is a form of water importation
since oil is imported and used to generate electricity which is in turn used to desalinate
sea water. Investment in desalination is also a sunk cost. Even though the Cypriot
government is using Build- Own-Operate-Transfer arrangements to increase desalination
capacity, the WDD is contractually obligated to purchase the water produced by the
desalination plants - regardless of whether or not water is scarce in any particular year.
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The other strategy for coping with water scarcity is demand reduction. Lower levels of
supply will be adequate only if demand is likewise lower. The Cypriots have effectively
implemented a variety of engineering and technological measures, such as drip irrigation,
to reduce demand. One important method for reducing demand, which has not been
attempted, is to raise prices. Both domestic and agricultural water demands are price
elastic, meaning that higher prices lead to lower demand. It could be expected that
demand for water would decrease as prices are increased. Water prices, however, are
controlled by the Parliament, and there seems to be no political will to raise prices for any
sector of the economy. This is in spite of the fact that agricultural water users currently
pay only 34% of the full (O&M plus capital recovery) cost of water. Because price
increases are not politically feasible, reduction of consumption has been accomplished by
mandatory water rationing. Water delivery to both domestic and agricultural users has
been severely restricted. In 1998, most municipalities only received water once every
three days. Irrigation water to seasonal crops was virtually stopped and many permanent
crops were allotted only the minimum amount of water for survival. The negative
economic effects of such drastic reductions to water allocation are obvious. Economic
output is reduced and growth is restricted.
A proposed method of demand reduction that has not yet been given much attention in
Cyprus is water banking. Water banking provides a mechanism for reallocating water
from low-value uses to high-value uses by means of a voluntary water market. In
Cyprus, as elsewhere, agriculture consumes the majority of available water but
contributes a relatively small percentage of the Gross Domestic Product. Nationally,
75% of all water resources is consumed by agriculture. At the same time, contribution to
GDP is only 5% and full-time farmers only account for approximately 2% of total
employment. These statistics indicate that overall national welfare would benefit from a
temporary reallocation of water from agricultural users to domestic users during times of
drought. Numerical analysis of the shadow values of water for agriculture and domestic
uses demonstrates that domestic water does indeed contribute more to the economy than
irrigation water. Optimization of water allocation based on the maximization of national
economic production indicates that as the total amount of water available in any one-year
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decreases, the percent allocated to agriculture should also decrease. Water banking is a
management strategy by which such reallocation from agriculture to domestic uses can be
encouraged and facilitated.
In Cyprus, the government controls the rights to the vast majority of the water; therefore
water reallocation could be made by decree. Yet while farmers do not actually have legal
rights to irrigation water, most farmers have an expectation of receiving a "fair"
allocation based on their past levels of usage. Many farmers plant crops which are
dependant on the application of irrigation water and have thus made substantial (albeit
government financed) investments in irrigation equipment. Permanent crops, such as
trees and vines, also make up a large percentage of agriculture. These crops require a
constant supply of at least a minimum amount of water to insure continued survival
through drought periods. While full-time farmers are relatively few in number, 22% of
the population is said to engage in various levels of part-time farming. Farmers are
therefore a very politically influential group, so additional reallocation of water away
from agriculture is not likely to be feasible.
Water banking allows farmers to voluntarily participate in water reallocation. The
government allots a certain amount of water for purchase by each farmer at the beginning
of the irrigation season. A water bank would offer to buy allotted water back from the
farmers in order to then resell it to domestic users. The farmer would then leave his or
her fields fallow for the coming growing season, or apply only the minimum amount of
water required for the survival of permanent crops. Based on the amount of water
needed by domestic users to achieve full demand satisfaction, a price would be offered
for irrigation water which would be attractive to farmers. Farmers who are voluntarily
willing to give up their water allotment would be compensated based on the amount of
water to be reallocated. Because the government controls both the water reservoirs and
the transport aqueducts, the actual physical movement of water is minimized. Water
bank transactions would take place primarily on paper, after which water would be piped
directly to the final user.
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Examination of the types of crops grown in Cyprus shows that some of the crops are
more water intensive than others. In particular, citrus crops require irrigation quantities
of 10,000 cubic meters of water per hectare. Citrus crops also account for a very large
percentage (34%) of the total area under irrigation in the Southern Conveyor Project.
The total amount of water used to irrigate citrus is therefore quite high. The total amount
of water applied to citrus crops in the Southern Conveyor Project is 52.MCM per year, or
57% of the total average agricultural annual water demand.
It is fair to say that a significant portion of Cypriot water goes into citrus farming. Such a
significant allocation of resources is curious in light of an analysis of the profitability of
irrigated crops grown in Cyprus. Citrus crops return a very low net profit per hectare to
farmers. Because an individual farmer's investments in an orchard, farm equipment, and
irrigation infrastructure are already sunk, and because the opportunity cost of family
labor may be very low for part-time farmers, citrus farming may make sense to individual
farmers. These farmers probably use citrus farming to supplement their income from
other jobs. From the standpoint of the national economy, however, allocation of such
large quantities of water to citrus irrigation is very inefficient. The marginal value of
water to citrus farmers is very low since citrus requires large quantities of water and
generates low net profits. When water is scarce, other sectors of the economy could add
significantly more value per unit of water.
The low value of water used in citrus actually presents a fortunate opportunity to any
water-banking scheme. A relatively low purchase price for water should entice citrus
(and grape) farmers to voluntarily participate in the water bank program. The large
quantities of water currently being allotted to citrus farmers will mean that a significant
amount of domestic demand can be met through the reallocation of water from citrus
farming. It is important to note that the water bank would not specifically target citrus
farmers. Other farmers would be given the opportunity to participate as well. In practice
though, citrus (and grape) farmers should be the most willing to accept a low purchase
price for each cubic meter of reallocated water. Therefore, if the price of water is set
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correctly, citrus (and grape) farmers will choose to participate in the water bank while
other farmers will decline.
6.2 Water Bank Operational Recommendations
Recommendations for establishing an emergency drought water bank in Cyprus are
contained in Chapters 4 and 5 of this report. In summary, the recommendations are as
follows:
1. Emergency Drought Water Bank to be administered and operated by the Water
Development Department (WDD).
2. Water Banking operations to be focused on the areas served by the Southern
Conveyor Project (SCP). The majority of agricultural and domestic users are served
by the SCP, and the existing infrastructure is capable of supporting water bank
operations without modification.
3. Emergency Drought Water Bank to be activated when total available water in the
SCP drops below estimated demand. Under current conditions, total available demand
is approximately 140 MCM per year. Assuming that 50 MCM per year is available
from groundwater, desalination, and wastewater reuse, the water bank would be
activated when total reservoir storage in the SCP is less than 90 MCM.
4. A uniform unit price (per cubic meter) of reallocated water to be offered to farmers
based on the additional amount of water needed by domestic users and the initial
allocations to farmers. The unit price should be as low as possible in order to
minimize cost of water banking, but high enough to entice farmers to agree to
participate.
5. Farmers of permanent crops who agree to participate in the water bank program
should continue to receive the minimum quantity of irrigation water required to
maintain the survival of their trees or vines.
6. The government is to bear the cost of water banking. If the price offered to farmers
for the reallocation of water is less than CYE 0.13 per cubic meter, then there is
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actually a net savings to the government since the water will be re-sold to
municipalities without any subsidy.
7. The government should not specifically target any group of farmers. It should be
recognized, however, that farmers of citrus and table grapes are probably willing to
accept the lowest prices due to limited profitability of these crops. Part-time farmers
may also be more willing to participate in the program.
8. Contracts for water reallocation should be valid for a one-year period. The contracts
should include provisions against additional groundwater pumping in order to prevent
further aquifer depletion. The WDD will be responsible for monitoring adherence to
the contract terms.
9. Farmers to be paid for reallocation of only that quantity of water they would be
entitled to under the current allocation scheme, minus the minimum quantity of
survival water to be provided to permanent crops.
10. Reallocated water not to be conveyed to the selling farmer, but rather to be
transmitted directly to the final end user in order to minimize transaction costs.
11. The Emergency Drought Water Bank is most efficient and cost effective when the
total annual amount of water available in the SCP is between 140 to 80 MCM. In this
range, the water bank can provide for between 90 to 100% of domestic demand
without exceeding a offering price of CYE 0.35 per cubic meter of water. Additional
water is available if the offering price is set high enough to attract farmers who grow
crops other than citrus or grapes, but the cost of the bank increases significantly and
the gains are not substantial.
The figures and tables presented in Chapter 5 are designed to be used for the
implementation and operation of an Emergency Drought Water Bank in Cyprus. The
tables were prepared using Cyprus-specific data and constraints. Knowing only the firm
total amount of water available in the SCP for a coming year (i.e. current reservoir
storage), an engineer or policy maker should be able to make all the decisions required
for water banking: the quantity of water needed to be banked (reallocated), the price to be
offered, the amount of cropland to be left fallow, the total and net cost to the government,
and the amount of current domestic demand which may be satisfied through water
116
banking. These recommendations are based on the assumptions made while creating the
model used in this report. Many parameters, such as demand, initial allocation scheme,
quantity of water available from desalination, etc., are subject to change. The WDD
should use the procedures outlined in this report to regenerate the operational graphs as
needed.
6.3 Conclusions
Of the many potential solutions to water scarcity in Cyprus, water banking is one of the
most promising. An Emergency Drought Water Bank may be used to reallocate water
from agricultural to domestic users in times of drought. Such a voluntary program has
been successfully implemented in California and elsewhere, and should be applicable to
Cyprus as well.
An effective water-banking program in Cyprus is subject to some limitations. Water
banking is a new idea in Cyprus that must be explained to farmers and the public before it
can be implemented. The part-time nature of much of the farming in Cyprus means that
many negotiations will need to be conducted with many farmers in a short period of time
in order to obtain a sufficient amount of water for reallocation. Proper quantities of
survival water for permanent crops must be determined and allocated to farmers who
agree to participate in the bank. At the same time, farmers must be monitored to ensure
that they do not substitute groundwater for reallocated irrigation water. Finally, the water
bank is not effective when the total quantity of water available is extremely low because
there is no water available for reallocation. These are all serious considerations, but none
is insurmountable.
An Emergency Drought Water Bank is an efficient way of managing water resources in
times of scarcity. Market forces can be utilized to allocate water to its most efficient use,
thus maximizing the overall benefit to the national economy. At the same time the
government can retain final control of water allocations, and water prices need not be
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increased. Because the program is voluntary and farmers are being compensated for
water which is reallocated, opposition to the water bank from farmers should be minimal.
Farmers and agriculture actually become an important part of the solution to water
scarcity problems. Domestic users, including industry and tourism, should be in favor of
the program since additional supply will be available and rationing thus less severe. With
so many segments of the population standing to benefit from water banking, the proposal
should be politically popular. Some studies have suggested that Cyprus must choose to
allocate its limited water resources to either tourism or agriculture. Water banking allows
the coexistence of both sectors. A water bank may also be implemented with virtually no
capital costs, so it is an inexpensive solution. And unlike additional desalination plants,
the water bank need only be activated in years of water scarcity, and thus impose no
additional costs when water is plentiful.
It is recommended that the WDD and the Government of the Republic of Cyprus give
serious consideration to the urgent implementation of an Emergency Drought Water
Bank. A small-scale pilot project in a single irrigation district would allow the concept to
be validated in the field. Provisions for utilizing water banking in times of scarcity should
be incorporated into the overall national water resources master plan. Planned
investments in additional water resources infrastructure, such as new desalination plants,
should be reevaluated in light of the benefits of water banking. Water banking holds
great promise as one more method for helping to provide Cyprus with the water it needs
for continued growth and prosperity.
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APPENDIX A: CROP DATA
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CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
CITRUS
Permanent
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
Agricultural Research Institute
April 1998 and updates
Appendix on crop data / Citrus
Crop
Crop Profitability
National Area Profitability w/o Family
Crop Type Breakdown Total Net Profit Net Profit Crop w/o Family & Hired() [Nationally] Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
PERMANENT CROPS
CITRUS
oranges 6.47% 2324.28 10000 23.24283 700 430 1072 28 458 1530 0.0028 0.0458 0.153
grapefruit 4.67% 1677.65 10000 16.77651 700 580 1464 -42 538 2002 -0.0042 0.0538 0.2002
lemons 4.30% 1544.73 10000 15.44732 700 542 1864 -462 80 1944 -0.0462 0.008 0.1944
mandarins 4.50% 1616.58 10000 16.1658 700 358 1167 21 379 1546 0.0021 0.0379 0.1546
TOTAL: 19.94% 7163.25 _ 1 _
AVERAGE: I 1 10000.00 71.63 700.00 477.50 1391.75 -113.75 363.75 1755.50 -0.01 0.04 0.18
WEIGHTED AVERAGE: I 1 10000.00 71.63 700.00 473.03 1356.04 -95.64 377.39 1733.43 -0.01 0.04 0.17
Note:
Source:
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CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
GRAPES
Permanent
Crop
Area Crop ProfitabilityNational re Profitability w/o Family
Crop Type Breakdown Cropped Total Net Profit Net Profit Crop w/o Family & Hired
(%) [a Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
PERMANENT CROPS
GRAPES
table grapes 5.38% 1932.71 3060 5.914096 214 665 813 -1284 -619 194 -0.4196 -0.2023 0.0634
TOTAL: 5.38% 1932.71 1
AVERAGE: 3060.00 5.91 214.00 665.00 813.00 -1284.00 -619.00 194.00 -0.42 -0.20 0.06
WEIGHTED AVERAGE: 3060.00 5.91 214.00 665.00 813.00 -1284.00 -619.00 194.00 -0.42 -0.20 0.06
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
Agricultural Research Institute
April 1998 and updates
Appendix on crop data / Grapes
Note:
Source:
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CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
OLIVES
Permanent
Crop
Crop Profitability
National Area Profitability w/o Family
Crop Type Breakdown Cropped Total Net Profit Net Profit Crop w/o Family & Hired
(%) [Nationally] Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
PERMANENT CROPS
OLIVES
olives 16.24% 5834.06 5375 31.35806 376 1120 2613 2465 3585 6198 0.4586 0.6670 1.1531
TOTAL: 16.24% 5834.06
AVERAGE: 5375.00 31.36 376.00 1120.00 2613.00 2465.00 3585.00 6198.00 0.46 0.67 1.15
WEIGHTED AVERAGE: 5375.00 31.36 376.00 1120.00 2613.00 2465.00 3585.00 6198.00 0.46 0.67 1.15
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
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Appendix on crop data / Olives
Note:
Source:
128
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
DECIDUOUS FRUIT
Permanent
Crop
Area Crop ProfitabilityNational re Profitability w/o Family
Crop Type Breakdown ropped Total Net Profit Net Profit Crop w/o Family & Hired
(%) Water Water W/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
PERMANENT CROPS
DECIDUOUS FRUIT
apples 3.06% 1099.27 5520 6.067995 552 1902 272 9229 11131 11403 1.6719 2.0165 2.0658
pears 0.58% 208.36 5520 1.150143 552 2111 302 10580 12691 12993 1.9167 2.2991 2.3538
cherries 0.90% 323.32 5520 1.784704 552 3602 1201 4750 8352 9553 0.8605 1.5130 1.7306
peaches 1.61% 578.38 5520 3.192638 552 1662 238 11149 12811 13049 2.0197 2.3208 2.3639
prunes/plums 0.50% 179.62 5520 0.991502 522 1370 196 11851 13221 13417 2.1469 2.3951 2.4306
apricots 0.78% 280.21 8200 2.297699 574 1702 568 8989 10691 11259 1.0962 1.3038 1.3730
TOTAL: 7.43% 2669.15
AVERAGE: 5520.00 12.20 552.00 2319.25 503.25 8927.00 11246.25 11749.50 1.62 2.04 2.13
WEIGHTED AVERAGE: 5801.35 15.48 552.29 2015.43 405.46 9359.21 11374.65 11780.11 1.64 1.99 2.06
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
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Appendix on crop data /
Deciduous Fruit129
Note:
Source:
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
TROPICAL FRUITS
Permanent
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
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Appendix on crop data I
Tropical Fruits
Crop
Crop Profitability
National Area Profitability w/o Family
Crop Type Breakdown Cropped Total Net Profit Net Profit Crop w/o Family & Hired
(%) [a Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
PERMANENTCROPS (CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
PERMANENT CROPS_________________ 
_______
TROPICAL FRUITS
bananas 0.80% 287.39 14730 4.233284 1031 1066 1302 6478 7544 8846 0.4398 0.5122 0.6005
avocados 0.33% 118.55 10000 1.185492 700 565 691 4320 4885 5576 0.4320 0.4885 0.5576
TOTAL: 1.13% 405.94
AVERAGE: 12365.00 5.42 865.50 815.50 996.50 5399.00 6214.50 7211.00 0.44 0.50 0.58
WEIGHTED AVERAGE: 1 1 13348.67 5.42 934.34 919.69 1123.57 5847.79 6767.48 7891.04 0.44 0.51 0.59
Note:
Source:
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
MELONS & VEGETABLES
Seasonal
Crop
Crop Profitability
National Area Profitability w/o Family
Crop Type Breakdown Cropped Total Net Profit Net Profit Crop w/o Family & Hired
(%) [a Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
SEASONAL CROPS
MELONS & VEGS.
aubergines 0.15% 53.89 5940 0.320083 416 2528 1452 6637 9165 10617 1.1173 1.5429 1.7874
peppers 0.09% 32.33 5560 0.179764 389 2196 2156 2833 5029 7185 0.5095 0.9045 1.2923
water melons 1.51% 542.45 5100 2.766507 357 751 79 3354 4105 4184 0.6576 0.8049 0.8204
sweet melons 0.80% 287.39 5200 1.494438 364 1047 139 2741 3788 3927 0.5271 0.7285 0.7552
courgettes 0.42% 150.88 5100 0.769492 357 1246 440 1438 2684 3124 0.2820 0.5263 0.6125
tomatoes 1.25% 449.05 6540 2.936787 458 1988 990 2686 4674 5664 0.4107 0.7147 0.8661
okra 0.19% 68.26 6800 0.464138 476 2250 3234 2321 4571 7805 0.3413 0.6722 1.1478
haricot beans 2.16% 775.96 6100 4.733346 427 4721 5775 3292 8013 13788 0.5397 1.3136 2.2603
TOTAL: 6.57% 2360.21 1 1 1 1 1 1
AVERAGE: 1 5792.50 13.66 405.50 2090.88 1783.13 3162.75 5253.63 7036.75 0.55 0.90 1.19
WEIGHTED AVERAGE: 5789.56 13.66 405.31 2462.96 2306.41 3047.34 5510.30 7816.701 0.531 0.94 1.32
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
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Appendix on crop data /
Melons & Veg.131
Note:
Source:
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
NUTS
Permanent
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
Agricultural Research Institute
April 1998 and updates
Appendix on crop data /Nuts
Crop
Crop Profitability
National Area Profitability w/o Family
Crop Type Breakdown Cropped Net Profit Net Profit Crop w/o Family & Hired
(%) Water Total Water W/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
PERMANENT CROPS
NUTS
almonds 9.37% 3366.08 2700 9.08841276 189 1038 558 1673 2711 3269 0.6196 1.0041 1.2107
pistachios 0.52% 186.80 2960 0.55294221 207 734 602 6248 6982 7584 2.1108 2.3588 2.5622
walnuts/pecan/hazelnuts 0.93% 334.09 4040 1.34973653 283 412 338 10141 10553 10891 2.5101 2.6121 2.6958
TOTAL: 10.82% 3886.98
AVERAGE: 1 1 3233.33 10.99 226.33 728.00 499.33 6020.67 6748.67 7248.00 1.75 1.99 2.16
WEIGHTED AVERAGE: 1 1 2827.67 10.99 197.94 969.58 541.21 2620.71 3590.30 4131.50 0.85 1.21 1.40
Note:
Source:
132
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
VEGETABLES
Seasonal
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
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Appendix on crop data Negatables
Crop
Area Crop ProfitabilityNational Cropped Profitability w/o FamilyCrop Type Breakdown [Nationally] Total Net Profit Net Profit Crop w/o Family & Hired
) (Ha) Water Water w/o w/o Family Profitability Labor Labor
Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
SEASONALCROPS (CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)SEASONAL CROPS____
VEGETABLES
carrots 0.15% 53.89 4200 0.226321 294 1128 3168 3642 4770 7938 0.8671 1.1357 1.8900
artichokes 0.44% 158.07 4480 0.708134 314 1128 3168 3642 4770 7938 0.8671 1.1357 1.8900
cabbages 0.40% 143.70 2800 0.402349 196 1338 88 4395 5733 5821 1.5696 2.0475 2.0789
cauliflowers 0.25% 89.81 2800 0.251468 196 1166 108 6359 7525 7633 2.2711 2.6875 2.7261
onions 0.51% 183.21 3660 0.326908 196 1252 98 5377 6629 6727 1.9204 2.3675 2.4025
peas 0.24% 86.22 1940 0.167262 136 1313 1307 2432 3745 5052 1.2536 1.9304 2.6041
broadbeans (fresh) 1.36% 488.57 2200 1.074846 154 810 634 3753 4563 5197 1.7059 2.0741 2.3623
Haricot beans (dry) 2.16% 775.96 4500 3.491813 424
lettuce (bundles) 0.01% 3.59 3360 0.01207 235 2470 1426 2062 4532 5958 0.6137 1.3488 1.7732
celery (bundles) 0.12% 43.11 4320 0.18623 302 2098 1056 6692 8790 9846 1.5491 2.0347 2.2792
spinach (bundles) 0.01% 3.59 3660 0.013148 256 2286 2402 6396 8682 11084 1.7475 2.3721 3.0284
radishes (bundles) 0.01% 3.59 4160 0.014944 291 2132 2112 4028 6160 8272 0.9683 1.4808 1.9885
cucumbers 0.58% 208.36 4760 0.99179 333 1500 660 896 2396 3056 0.1882 0.5034 0.6420
TOTAL: 6.24% 2241.66 1
AVERAGE: 1 3603.08 7.87 241.92 1551.75 1352.25 3853.69 5691.25 7043.50 1.29 1.76 2.14
WEIGHTED AVERAGE: 
_ 1 2105.19 4.72 142.45 759.31 597.14 2463.80 3223.12 3820.25 0.90 1.16 1.35
Note:
Source:
133
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
POTATOES
Seasonal
Crop
Area Crop ProfitabilityNational re Profitability w/o Family
Crop Type Breakdown ropped Total Net Profit Net Profit Crop w/o Family & Hired
(a) Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) I(CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
SEASONAL CROPS
POTATOES
potatoes
spring 23.64% 2830.81 3000 8.492434 210 630 396 3027 3657 4053 1.0090 1.2190 1.3510
middle 2830.81 1400 3.963136 98 589 317 1782 2371 2688 1.2729 1.6936 1.9200
autumn 2830.81 5020 14.21067 351 442 264 773 1215 1479 0.1540 0.2420 0.2946
TOTAL: 23.64% 8492.43 1 1 _ _ _ _
AVERAGE: 1 3140.00 26.67 219.67 553.67 325.67 1860.67 2414.33 2740.00 0.81 1.05 1.19
WEIGHTED AVERAGE: 1 3140.00 26.67 219.67 553.67 325.67 1860.67 2414.33 2740.00 0.81 1.05 1.19
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
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Appendix on crop data / Pototes
Note:
Source:
134
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
COLOCASIA
Seasonal
Crop
Crop Profitability
National Area Profitability w/o Family
Crop Type Breakdown Cropped Total Net Profit Net Profit Crop w/o Family & Hired
(%) [a Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
SEASONAL CROPS
COLOSASIA
colocasia 0.30% 107.77 24000 2.586528 1680 2894 1144 12160 15054 16198 0.5067 0.6273 0.6749
TOTAL: 0.30% 107.77
AVERAGE: 24000.00 2.59 1680.00 2894.00 1144.00 12160.00 15054.00 16198.00 0.51 0.63 0.67
WEIGHTED AVERAGE: 24000.00 2.59 1680.00 2894.00 1144.00 12160.00 15054.00 16198.00 0.51 0.63 0.67
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
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Appendix on crop data / Colocasia
Note:
Source:
135
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
GROUNDNUTS
Seasonal
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
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Appendix on crop data / Groundnuts
Crop
Crop Profitability
National Area Profitability w/o Family
Crop Type Breakdown Cropped Total Net Profit Net Profit Crop w/o Family & Hired
(%) [a Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
SEASONAL CROPS
GROUNDNUTS
groundnuts 1.36% 488.57 5300 2.589402 1680 2894 1144 12160 15054 16198 2.2943 2.8404 3.0562
TOTAL: 1.36% 488.57
AVERAGE: 5300.00 2.59 1680.00 2894.00 1144.00 12160.00 15054.00 16198.00 2.29 2.84 3.06
WEIGHTED AVERAGE: 5300.00 2.59 1680.00 2894.00 1144.00 12160.00 15054.00 16198.00 2.29 2.84 3.06
Note:
Source:
136
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
BERRIES
Seasonal
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
Norm Input-Output Data for the Main Crop & Livestock Enterprises of Cyprus
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Appendix on crop data / Berries
Crop
Area Crop ProfitabilityNational Profitability w/o Family
Crop Type Breakdown Cropped Total Net Profit Net Profit Crop w/o Family & Hired
(%) [Nationally] Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
SEASONALCROPS (CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
SEASONAL CROPS 
___ ___
BERRIES ------
Strawberries 0.15% 53.89 5840 0.314694 409 5304 5236 10091 15395 20631 1.7279 2.6361 3.5327
TOTAL: 0.15% 53.89
AVERAGE: 5840.00 0.31 409.00 5304.00 5236.00 10091.00 15395.00 20631.00 1.73 2.64 3.53
WEIGHTED AVERAGE: 5840.00 0.31 409.00 5304.00 5236.00 10091.00 15395.00 20631.00 1.73 2.64 3.53
Note:
Source:
137
CYPRUS DROUGHT WATER BANK
Agricultural Economic Data
Crop Group:
Type of Crop:
GREENHOUSE & TUNNEL CROPS
Greenhouse & Tunnels
Crop
Crop Profitability
National Area Profitability w/o Family
Crop Type Breakdown Cropped Total Net Profit Net Profit Crop w/o Family & Hired
(%) [Nationally] Water Water w/o w/o Family Profitability Labor Labor(Ha) Require- Used Irrigation Famiy Family & Hired based on based on based on
ment Nationally Cost Labor Hired Labor Net Profit Labor Labor Water Use Water Use Water Use
(CuM/ha) (MCM) (CP/ha) (CP/ha) (CP/ha) (CP/Ha) (CP/HA) (CP/HA) (CP/CuM) (CP/CuM) (CP/CuM)
GR.HOUSE+TUNNELS
GR.HOUSE+ TUNNELS
tomatoes 0.22% 79.03 7038 0.556233 492 14660 4924 27660 42320 47244 3.9301 6.0131 6.7127
cucumbers 0.23% 82.63 5745 0.474682 402 17157 5945 9285 26442 32387 1.6162 4.6026 5.6374
fresh beans 0.05% 17.96 4460 0.080111 312 9755 8633 9960 19715 28348 2.2332 4.4204 6.3561
aubergines 0.02% 7.18 3800 0.027302 266 4038 1936 14044 18082 20018 3.6958 4.7584 5.2679
peppers 0.03% 10.78 4240 0.045695 297 3646 3080 8847 12493 15573 2.0866 2.9465 3.6729
courgettes 0.03% 10.78 3880 0.041816 272 2354 660 4377 6731 7391 1.1281 1.7348 1.9049
sweet melons 0.04% 14.37 2220 0.031901 155 1782 158 3844 5626 5784 1.7315 2.5342 2.6054
water melons 0.44% 158.07 2220 0.350906 155 1313 79 2939 4252 4331 1.3239 1.9153 1.9509
strawberries 0.20% 71.85
TOTAL: 1.26% 452.64
AVERAGE: 4200.38 1.61 293.88 6838.13 3176.88 10119.50 16957.63 20134.50 2.22 3.62 4.26
WEIGHTED AVERAGE: 4224.44 1.91 295.37 8083.79 2900.26 10229.50 18313.29 21213.56 4 2.05 3.57 4.08
Weighted Average uses the national breakdown of area cropped to weight factors before averaging.
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Greenhouse+Tunnels138
Note:
Source:
APPENDIX B: WATER BANK OPERATION MODEL
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CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Price Offered for Water (CP/CuM)
Total Fresh Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
4.58
70.00
37.00
12.00
30.50
1.50
1.00
33.00
Area Minimum Total Total Area Payment per Change in
Cropped "Survival' Water Marginal of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total TotalCrop Type [SCS] Water Used on Cost of Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Net
(Ha) Water Require- SCS Water per Land that Fallowed in Water Water of Water to be Farms based Water to be to be under Profit excluding Profit includingSupplied ment Farms Net Profit Crop may be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank
(CuM/ha) (Cu. MHa) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS
Grapes 653.07 1609.14 1530 1.05 -66.41 0.58 100.00% 653.07 362.45 255.35 0.05 1.00 236,707 229,989 321.77 0.00 236,707.32
Citrus 5,306.71 5258.62 5000 27.91 -4.95 1.40 100.00% 5,30671 1,184.48 834.48 1.37 26.53 6,285712 6,107,296 839.43 0.00 6,285,711.75
Tropical Fruit 4.82 7019.56 6674 0.03 302.47 2.30 100.00% 4.82 1,581.13 1,113.93 0.00 0.03 7,624 7,407 811.46 0.00 7,623.54
Olives 249.23 2826.51 2688 0.70 -50.89 1.06 100.00% 249.23 636.66 448.53 0.03 0.67 158,671 154,168 499.43 0.00 158,671.49
Nuts 15.30 1486.96 1414 0.02 135.55 3.28 100.00% 15.30 334.93 235.97 0.00 0.02 5,123 4,978 100.41 0.00 5,123.17
Deciduous Fruit 410.00 3050.71 2901 1.25 484.10 4.65 100.00% 410.00 687.16 484.11 0.06 1.19 281,735 273,738 0.02 0.00 281,734.88
TOTAL 6,639.13 30.97 1.52 29.45 6,975,572 6,777,576 0.00 6,975,572.15
SEASONAL CROPS I
Groundnuts 315.76 248.44 0 0.08 27.75 0.18 100.00% 315.76 1,137.84 1,137.84 0.08 0.00 359,282 349,084 1,110.09 0.00 359,282.
Colocasia 69.65 1125.00 0 0.08 570.00 0.58 100.00% 69.65 5,152.50 5,152.50 0.08 0.00 358,883 348,697 4,582.50 0.00 358,883,30
Melons & Vegetables 1,525.38 271.39 0 0.41 142.84 0.60 100.00% 1,525.38 1,242.95 1,242.95 0.41 0.00 1,895,971 1,842,155 1 ,100.10 0.00 1,895,970.53
Potatoes 5,488.60 147.19 0 0.81 87.22 0.66 100.00% 5,488.60 674.12 674.12 0.81 0.00 3,699,967 3,594,946 586.90 0.00 3,699,967.24
Vegetables 1,448.77  102.07 0 0.15 117.07 1.22 100.00% 1,448.77 467.50 467.50 0.15 0.00 677,297 658,072 350.43 0.00 677,296.82
Berries 34.83 273.75 0 0.01 473.02 1.80 100.00% 34.83 1,253.78 1,253.78 0.01 0.00 43,664 42,425 780.76 0.00 43,664.14
TOTAL 8,882.99 1.54 1.54 0.00 7,035,064 6,835,379 0.00 7,035,064.09
GR.HOUSE+TUNNELS _
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 19,347.95 19,347.95 0.00 1.06 0 0 2,576,661.90 2,576,661.90
TOTAL 251.89 1.06 0.00 1.06 0 0 2,576,661.90 2,576,661.90
OVERALL TOTAL 1 15,774.001 33.57 1 3.06 30.51 14,010,636 13,612,95 2,576,661.90 16,587,298.14
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Price Offered for Water (CP/CuM)
Total Fresh Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Citrus Only
1.36
70.00
37.00
12.00
30.50
1.50
1.00
33.00
Area Minimum Total Total Area Payment per Change in
Cropped "Survival" Water Marginal of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total TotalCrop Type C Water Used on Cost of Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Net
(Ha) Water Require- SCS Water per Land that Fallowed in Water Water of Water to be Farms based Water to be to be under Profit excluding Profit includingSupplied ment Farms Net Profit Crop may be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank
(CuM/ha) (Cu.M/Ha) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS I
Grapes 653.07 1609.14 1530 1.05 -66.41 0.58 100.00% 653.07 107.63 0.53 0.05 1.00 70,289 63,57
0  66.94 0.00 70,288.64
Citrus 5,306.71 5258.62 5000 27.91 -4.95 1.40 100.00% 5,306.71 351.72 1.72 1.37 26.53 1,866,500 1,688,084 6.67 0.00 1,866,499.56
Tropical Fruit 4.82 7019.56 6674 0.03 302.47 2.30 0.00% 0.00 469.51 2.30 0 0.03 0 0 -300.17 1,458.39 1,458.39
Olives 249.23 2826.51 2688 0.70 -50.89 1.06 0.00% 0.00 189.05 0.93 0.00 0.70 0 0 51.82 -12,684.16 -12,684.16
Nuts 15.30 1486.96 1414 0.02 135.55 3.28 0.00% 0.00 99.46 0.49 0 0.02 0 0 -135.07 2,073.45 2,073.45
Deciduous Fruit 410.00 3050.71 2901 1.25 484.10 4.65 0.00% 0.00 204.05 1.00 0 1.25 0 0 -483.10 198,479.18 198,479.18
TOTAL 6,639.13 - 30.97 1.42 29.54 1,936,788 1,751,654 189,326.86 2,126,115.06
SEASONAL CROPS
Groundnuts 315.76 248.44 0 0.08 27.75 0.18 0.00% 0.00 337.88 337.88 0.00 0.08 0 0 310.13 8,762,26 8,762.26
Colocasia 69.65 1125.00 0 0.08 570.00 0.58 0.00% 0.00 1,530.00 1,530.00 0.00 0.08 0 0 960.00 39,701.79 39,701.79
Melons & Vegetables 1,525.38 271.39 0 0.41 142.84 0.60 0.00% 0.00 369.08 369.08 0.00 0.41 0 0 226.24 217,892.09 217,892.09
Potatoes 5,488.60 147.19 0 0.81 87.22 0.66 0.00% 0.00 200.18 200.18 0.00 0.81 0 0 112.96 478,709.57 478,709.57
Vegetables 1,448.77 102.07 0 0.15 117.07 1.22 0.00% 0.00 138.82 138.82 0.00 0.15 0 0 21.75 169,611.53 169,611.53
Berries 34.83 273.75 0 0.01 473.02 1.80 0.00% 0.00 372.30 372.30 0 0.01 0 0 -100.72 16,473.31 16,473.31
TOTAL 8,882.99 1.54 1 0.00 1.54 0 0 931,150.54 931,150.54
GR.HOUSE+TUNNELS I
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 5,745.24 5,745.24 0 1.06 0 0 -4,484.27 2576,661.90 2,576,661.90
TOTAL 251.89 1.06 0.00 1.06 0 0 2,576,661.90 61.90
OVERALL TOTAL 15,774.00 33.57 1.42 32.14 1,936,788 1,751,654 369-7,139.30 5,633,927.50
141
CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Price Offered for Water (CP/CuM)
Total Fresh Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
0.60
80.00
37.00
12.00
35.00
7.00
1.00
43.00
Area Minimum Total Total Area Payment per Change in
Cropped "Survival" Water Marginal of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total TotalCrop Type [SCS] Water Used on Cost of Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Net
(Ha) Water Require- SCS Water per Land that Fallowed in Water Water of Water to be Farms based Water to be to be under Profit excluding Profit includingSupplied ment Farms Net Profit Crop may be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank(CuM/ha) (Cu.M/Ha) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) _ CPERMANENT CROPS 
-I
Grapes 653.07 1846.55 1530 1.21 -265.66 -0.43 100.00% 653.07 189.93 82.83 0.21 1.00 124,039 97,164 348.49 0.00 124,038.77
Citrus 5,306.71 6034.48 5000 32.02 -19.79 0.39 100.00% 5,306.71 620.69 270.69 5.49 26.53 3,293,823 2,580,161 290.48 0.00 3,293,822.75
Tropical Fruit 4.82 8055.23 6674 0.04 1209.89 1.28 0.00% 0.00 828.54 361.34 0 0.04 0 0 -848.55 5,833.5 5,833.56
Olives 249.23 3243.53 2688 0.81 360.80 1.06 0.00% 0.00 333.62 145.50 0 0.81 0 0 -215.30 89,919.75 8991975
Nuts 15.30 1706.35 1414 0.03 542.22 2.26 0.00% 0.00 175.51 76.54 0 0.03 0 0 -465.67 8,293.75 8,29375
Deciduous Fruit 410.00 3500.81 2901 1.44 1936.39 3.63 0.00% 0.00 360.08 157.04 0 1.44 0 0 -1,779.35 793,916.72 793,916.72
TOTAL 6,639.13 35.54 5.70 29.84 3,417,862 2,677,325 897,963.78 4,315,825.31
SEASONAL CROPS I
Groundnuts 315.76 1159.38 0 0.37 129.50 0.18 100.00% 315.76 695.63 695.63 0.37 0.00 219,648 172,058 566.13 0.00 219,648.42
Colocasia 69.65 5250.00 0 0.37 2660.00 0.58 100.00% 69.65 3,150.00 3,150.00 0.37 0.00 219,405 171,867 490.00 0.00 219,404.64
Melons & Vegetables 1,525.38 126647 0 1.93 666.61 0.60 100.00% 1,525.38 759.88 759.88 1.93 0.00 1159109 907,968 93.27 0.00 1.159,108.62
Potatoes 5,488.60 686.88 0 3.77 407.02 0.66 100.00% 5,488.60 412.13 412.13 3.77 0.00 g2,261989 1,771,891 5.10 0 200 261,9880
Vegetables 1,448.77 476.35 0 0.69 546.34 1.22 0.00% 0.00 285.81 285.81 0 0.69 0 0 -260.53 791,520.47 791,520.47
Berries 34.83 1277.50 0 0.04 2207.41 1.80 0.00% 0.00 766.50 766.50 0 0.04 0 0 -1,440.91 76,875.42_ 7875_42
TOTAL 8,882.99 7.17 6.43 0.73 3,860,150 3,023,784 868,395.90 4,728,54628
GR.HOUSE+TUNNELS
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 2,534.67 2,534.67 0 1.06 0 0 -7,694.84 2,576,661.90 ,576661.9
TOTAL 251.891 1.06 T 000 1.06 0 0 1 2,576,661.90 2576,61.90
OVERALL TOTAL 15,774.001 43.77 1 1 - 12.13 31.64 7,278,012 5,701,109 4,343,021.58 11,621,05349
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Price Offered for Water (CP/CuM)
Total Fresh Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Cirus Only
0.34
80.00
37.00
12.00
35.00
7.00
1.00
43.00
Area Minimum Total Total Area Payment per Change in
Cropped "Survival" Water Marginal of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total TotalCrop Type [SCS] Water Used on Cost of Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Net
(Ha) Water Require- SCS Water per Land that Fallowed in Water Water of Water to be Farms based Water to be to be under Profit excluding Profit includingSupplied ment Farms Net Profit Crop may be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank
(CuM/ha) (Cu.M/Ha) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS I III
Grapes 653.07 1846.55 1530 1.21 -265.66 -0.43 100.00% 653.07 107.63 0.53 0.21 1.00 70,289 43,414 266.18 0.00 70,288.64
Citrus 5,306.71 6034.48 5000 32.02 -19.79 0.39 100.00% 5,306.71 351.72 1.72 5.49 26.53 1,866,500 1,152,838 21.51 0.00 1866499.56
Tropical Fruit 4.82 8055.23 6674 0.04 1209.89 1.28 0.00% 0.00 469.51 2.30 0 0.04 0 0 -1,207.59 5,833.56 5833.56
Olives 249.23 3243.53 2688 0.81 360.80 1.06 0.00% 0.00 189.05 0.93 0 0.81 0 0 -359.87 89,919.75 89,919.75
Nuts 15.30 1706.35 1414 0.03 542.22 2.26 0.00% 0.00 99.46 0.49 0 0.03 0 0 -541.73 8,293.75 8293.75
Deciduous Fruit 410.00 350081 2901 1.44 1936.39 3.63 0.00% 0.00 204.05 1.00 0 1.44 0 0 -1,935.39 793,916.72 793,916.72
TOTAL 6,639.13 35.54 5.70 29.84 1,936,7 88  1,196,252 897,963.78 2,834,751.98
SEASONAL CROPS
Groundnuts 315.76 1159.38 0 0.37 129.50 0.18 0.00% 0.00 394.19 394.19 0.00 0.37 0 0 264.69 40890.52 40,890.52
Colocasia 69.65 5250.00 0 0.37 2660.00 0.58 0.00% 0.00 1,785.00 1,785.00 0 0.37 0 0 -875.00 185,275.03 185,27503
Melons & Vegetables 1,525.38 1266.47 0 1.93 666.61 0.60 0.00% 0.00 430.60 430.60 0 1.93 0 0 -236.01 1,016,829.74 1,016,829.74
Potatoes 5,488.60 686.88 0 3.77 407.02 0.66 0.00% 0.00 233.54 233.54 0 3.77 0 0 -173.48 2,233,977.98 2,233,977.98
Vegetables 1,448.77 476.35 0 0.69 546.34 1.22 0.00% 0.00 161.96 161.96 0 0.69 0 0 -384.38 791,520.47 791,520.47
Berries 34.83 1277.50 0 0.04 2207.41 1.80 0.00% 0.00 434.35 434.35 0 0.04 0 0 -1,773.06 76,875.42 76,875.42
TOTAL 8,882.99 7.17 0.00 7.17 0 0 4,345,369.17 4,345,369.17
GR.HOUSE+TUNNELS
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 1,436.31 1,436.31 0 1.06 0 0 -8,793.20 2,576,661.90 2,576,661.90
TOTAL 251.89 1 1.06 _ 0.00 1.06 0 0 1 2,576,661.90 2,576,661.90
OVERALL TOTAL 15,774.00 1 43.77 1 _ 1 1 5.70 38.07 1,936,788 1,196,252 1 7,819,994.85 9,5,783.05
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CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Price Offered for Water (CP/CuM)
Total Fresh Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
0.53
90.00
37.00
12.00
40.00
12.00
1.00
53.00
Total
Area Minimum Water Total Area Payment per Change in
Cropped "Survival" Normally Marginal Maximum of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total TotalCrop Type C Water Used on Cost of % of Land Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Net
(Ha) Water Require- SCS Water per that may Fallowed In Water Water of Water to be Farms based Water to be to be under Profit excluding Profit includingSupplied ment Farms Net Profit Crop be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank
(CuM/ha) (Cu.M/Ha) (MCM) (CP/Ha) (CP/CuM) Fallowed Il(Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS
Grapes 653.07 2110.34 1530 1.38 -487.03 -0.58 100.00% 653.07 307.58 200.48 0.38 1.00 200,874 151,603 687.52 0.00 200,87.90
Citrus 5,306.71 6896.55 5000 36.60 -36.28 0.24 100.00% 5,306.71 1,005.17 655.17 10.06 26.53 5,334,163 4,025,783 691.45 0.00 5,334,162.96
Tropical Fruit 4.82 9205.98 6674 0.04 2218.13 1.13 0.00% 0.00 1,341.77 874.57 0 0.04 0 0 -1343.56 10,694.85 10,694.85
Olives 249.23 3706.90 2688 0.92 818.23 1.06 0.00% 0.00 540.28 352.16 0 0.92 0 0 -466.08 203,924.09 203,924.09
Nuts 15.30 1950.12 1414 0.03 994.06 2.11 0.00% 0.00 284.23 185.26 0 0.03 0 0 -808.80 15,205.20 15,205.20
Deciduous Fruit 410.00 4000.93 2901 1.64 3550.04 3.48 0.00% 0.00 583.14 380.09 0 1.64 0 0 -3,169.95 1,455,513.99 1,455,513.99
TOTAL 6,639. 13  40.61 10.44 30.17 5,535,037 4,177,386 1,685,338.14 7,220,375.00
SEASONAL CROPS
Groundnuts 315.76 1987.50 0 0.63 222.00 0.18 100.00% 315.76 1,053.38 1,05338 0.63 0.00 332,610 25102
7  831.38 0.00 332,610.47
Colocasia 69.65 9000.00 0 0.63 4560.00 0.58 100.00% 69.65 4,770.00 4,770.00 0.63 0.00 332,241 250,748 210.00 0.00 332,241.31
Melons & Vegetables 1,525.38 2171.08 0 3.31 1142.75 0.60 10.00% 152.54 1,150.67 1,150.67 0.33 2.98 175,522 132,470 7.92 1,568,823.02 1,744,345.18
Potatoes 5,488.60 1177.50 0 6.46 697.75 0.66 0.00% 0.00 624.08 624.08 0 6.46 0 0 -73.68 3,829,676.54 3,829,676.54
Vegetables 1,448.77 816.59 0 1.18 936.58 1.22 0.00% 0.00 432.79 432.79 0 1.18 0 0 -503.79 1,356,892.24 1,356,892.24
Berries 34.83 2190.00 0 0.08 3784.13 1.80 0.00% 0.00 1,160.70 1,160.70 0 0.08 0 0 -2,623.43 131,786.44 131,786.44
TOTAL 8,882.99 12.29 1.59 10.70 840,374 634,244 6,887,178.24 7,727,552.19
GR.HOUSE+TUNNELS
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 2,238.96 2,238.96 0 1.06 0 0 -7,990.55 2,576,661,90 2,576,661.90
TOTAL 251.89 1.06 0.00 1.06 0 2) ,576,661.90 2,576,661.90
OVERALL TOTAL 15,774.00 53.97 _ 12.03 41.94 6,375,411 4,811,631 11,149,178.28 1
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Price Offered for Water (CP/CuM)
Total Fresh Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Citrus Only
0.19
90.00
37.00
12.00
40.00
12.00
1.00
53.00
Total
Area Minimum Water Total Area Payment per Change in
Cropped "Survival" Normally Marginal Maximum of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total Total
Crop Type [SCSI Water Used on Cost of % of Land Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Net
(Ha) Water Require- SCS Water per that may Fallowed in Water Water of Water to be Farms based Water to be to be under Profit excluding Profit IncludingSupplied ment Farms Net Profit Crop be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank
(CuM/ha) (Cu.M/Ha) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS
Grapes 653.07 2110.34 1530 1.38 -487.03 -0.58 100.00% 653.07 110.27 3.17 0.38 1.00 72,011 22,740 490.20 0.00 72,011.40
Citrus 5,306.71 6896.55 5000 36.60 -36.28 0.24 100.00% 5,306.71 360.34 10.34 10.06 26.53 1,912,247 603,868 46.62 0.00 1,912,247.10
Tropical Fruit 4.82 9205.98 6674 0.04 2218.13 1.13 0.00% 0.00 481.01 13.81 0 0.04 0 0 -2,204.32 10,694.85 10,694.85
Olives 249.23 3706.90 2688 0.92 818.23 1.06 0.00% 0.00 193.69 5.56 0 0.92 0 0 -812.67 203,924.09 203,924.09
Nuts 15.30 1950.12 1414 0.03 994.06 2.11 0.00% 0.00 101.89 2.93 0 0.03 0 0 -991.14 15,205.20 15,205.20
Deciduous Fruit 410.00 4000.93 2901 1 64 3550.04 3.48 0.00% 0.00 209.05 6.00 0 1.64 0 0 -3,544.04 1,455,513,99 1,455,513.99
TOTAL 6,639.13 40.61 10.44 30.17 1,984,258 626,608 1,685,338.14 3,669,596.63
SEASONAL CROPS
Groundnuts 315.76 1987.50 0 0.63 222.00 0.18 0.00% 0.00 377.63 377.63 000 0.63 0 0 155.63 70,098.04 70,098.04
Colocasia 69.65 9000.00 0 0.63 4560.00 0.58 0.00% 0.00 1,710.00 1,710.00 0 0.63 0 0 -2,850.00 317,614.34 317,614.34
Melons & Vegetables 1,525.38 2171.08 0 3.31 1142.75 0.60 0.00% 0.00 412.51 412.51 0 3.31 0 0 -730.25 1,743,13669 1,743,136.69
Potatoes 5,488.60 1177.50 0 6.46 697.75 0.66 0.00% 0.00 223.73 223.73 0 6.46 0 0 -474.03 3,829,676.54 3,829,676.54
Vegetables 1,448.77 816.59 0 1.18 936.58 1.22 0.00% 0.00 155.15 155.15 0 1.18 0 0 -781.43 1,356,892.24 1,356,892.24
Berries 34.83 2190.00 0 0.08 3784.13 1.80 0.00% 0.00 416.10 416.10 0 0.08 0 0 -3,368.03 131,786.44 131,786.44
TOTAL 8,882.99 12.29 0.00 12.29 0 0 _ 7,449,204.29 7,449,204.29
GR.HOUSE+TUNNELS
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 802.64 802.64 0 1.06 0 0 -9,426.86 2,576,661.90 2,576,661.90
TOTAL 251.89 1.06 1 0.00 1.06 0 _0 2,576,661.90 2,576,661.90
OVERALL TOTAL O 15,774.00_ 1 53.97 1 1 1 1 1 10.44 43.52 1,984,258 626,608 11,711,204.33 13
1455/10/99
CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Price Offered for Water (CP/CuM)
Total Fresh Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
0.14
100.00
37.00
12.00
44.50
17.50
1.00
63.00
Area Minimum Total Total Area Payment per Change in
Cropped "Survival* Water Marginal of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total TotalCrop Type [SCS Water Used on Cost of Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Net
(H) Water Require- SCS Water per Land that Fallowed in Water Water of Water to be Farms based Water to be to be under Profit excluding Profit includingSupplied ment Farms Net Profit Crop may be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank
PERMANN C(CuM/ha) (Cu.M/Ha) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS ___
Grapes 653.07 2347.76 1530 1.53 -686.28 -0.64 82.00% 535.52 114.49 7.39 0.44 110 61.310 4,379 693.66 -80,673.84 -19,36424
Citrus 5,306.71 7672.41 5000 40.72 -51.12 0.18 82.00% 4,351.51 374.14 24.14 11.63 29.09 1,628,063 116,290 7526 -48,828.29 1,579,235 10
Tropical Fruit 4.82 10241.65 6674 0.05 3125.54 1.08 0.00% 0.00 499.42 32.22 0 0.05 0 0 -3,093.32 15,070.02 15,070.d2
Olives 24923 4123.92 2688 1.03 1229.92 1.06 0.00% 0.00 201.10 12.97 0 1.03 0 0 -1,216.95 306,528.00 506,52806
Nuts 1530 2169.51 1414 0.03 1400.73 2.05 0.00% 0.00 105.79 6.83 0 0.03 0 0 -1,393.90 21,425.50 21,42 56
Deciduous Fruit 410.00 4451.03 2901 1.82 5002.33 3.43 0.00% 0.00 217.05 14.00 0 1.82 0 0 -4,988.33 2,050,951.53 2,050,951.53
TOTAL 6,639.13 45.18 12.07 33.12 1,689,373 120,669 2,264,472.92 3,953,84592_
SEASONAL CROPS_________________
Groundnuts 315.76 2898.44 0 0.92 323.75 0.18 0.00% 0.00 405.78 405.78 0.00 0.92 0 0 82.03 102,226.31 102,226 31
Colocasia 69.65 13125.00 0 0.91 6650.00 0.58 0.00% 0.00 1,837.50 0 0.91 0 0 -4,812.50 4 463,187.57
Melons & Vegetables 1,525.38 3166.16 0 4.83 1666.51 0.60 0.00% 0.00 443.26 443.26 0 4.83 0 0 -1,223.25 2,542,074.34 2,542,074.34
Potatoes 5,488.60 1717.19 0 9.42 1017.55 0.66 0.00% 0.00 240.41 240.41 0 9.42 0 0 -777.15 5,584,944.96 5,584,944.96
Vegetables 1,448.77 1190.86 0 1.73 1365.85 1.22 0.00% 0.00 166.72 166.72 0 1.73 0 0 -1,199.13 1,978,801.18 1,978,801.18
Berries 34.83 3193.75 0 0.11 5518.52 1.80 0.00% 0.00 447.13 447.13 0 0.11 0 0 -5,071.39 192,188.56 192,188.56
TOTAL 8,882.99 17.92 0.00 17.92 0 0 10,863,422.92 10,863,422.92
GR.HOUSE+TUNNELS _______ ______ ______ _______ _______________________
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 591.42 591.42 0 1.06 0 0 -9,638.09 2,576,661.90 2,576,661.90
TOTAL 251.89 1.06 0.00 1.06 0 0 2,576,661.90 2,576,661.90
OVERALL TOTAL 1 15,774.00 1 64.17 1 12.07 52.10 1,689,373 120,669_ 15,704,557.75 17,393,930.75
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CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Price Offered for Water (CP/CuM)
Total Fresh Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
0.11
110.00
38.50
10.50
48.50
22.00
1.00
71.50
Area Minimum Total Total Area Payment per Change In
Cropped "Survival" Water Marginal of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total TotalCrop Type [SCS Water Used on Cost of Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Net
(Ha) Water Require- SCS Water per Land that Fallowed In Water Water of Water to be Farms based Water to be to be under Profit excluding Profit includingSupplied ment Farms Net Profit Crop may be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank(CuM/ha) (Cu.M/Ha) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) I(CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS
Grapes 653.07 2558.79 1530 1.67 -863.38 -0.67 57.00% 372.25 113.17 6.07 0.38 1.29 42,127 -7,659 869.45 -242,455.27 -20032860Citrus 5,306.71 8362.07 5000 44.38 -64.31 0.15 57.00% 3,024.83 369.83 19.83 10.17 34.21 1,118,665 -203,394 84.14 -146747.38 971,917!17
Tropical Fruit 4.82 11162.25 6674 0.05 3932.14 1.05 0.00% 0.00 493.67 26.47 0 0.05 0 0 -3,905.67 18,959.05 18,959.05
Olives 249.23 4494.61 2688 1.12 1595.87 1.06 0.00% 0.00 198.78 10.66 0 1.12 0 0 -155_22 397,731.48 397,731.48
Nuts 15.30 2364.52 1414 0.04 1762.20 2.03 0.00% 0.00 104.58 5.61 0 0.04 0 0 -1,756.60 26,954.66 26,954.66
Deciduous Fruit 410.00 4851.13 2901 1.99 6293.25 3.40 0.00% 0.00 214.55 11.50 0 1.99 0 0 6,21.75 2,580,229.35 2,580229.35
TOTAL 6,639.13 49.25 10.55 38.69 1,160,791 -211,053 21634,67189 ,75,463I1
SEASONAL CROPS -_-----
Groundnuts 315.76 3643.75 0 1.15 407.00 0.18 0.00% 0.00 400.81 400.81 0 1.15 0 0 -6.19 128,513.08 128,513.08
Colocasia 69.65 16500.00 0 1.15 8360.00 0.58 0.00% 0.00 1,815.00 1,815.00 0 1.15 0 0 -6545.00 582,292.95 582,292.95
Melons & Vegetables 1,525.38 3980.32 0 6.07 2095.05 0.60 0.00% 0.00 437.84 437.84 0 6.07 0 0 -1,657.21 3,195,750.60 3,195,750.60
Potatoes 5,488.60 2158.75 0 11.85 1279.21 0.66 0.00% 0.00 237.46 237.46 0 11.85 0 0 -1,041.75 7,021,073.66 21073.66
Vegetables 1,448.77 1497.08 0 2.17 1717.07 1.22 0.00% 0.00 164.68 164.68 0 2.17 0 0 -1,552.39 ,487,3537 -75.-7
Berries 34.83 4015.00 0 0.14 6937.56 1.80 0.00% 0.00 441.65 441.65 0 0.14 0 0 -6,495.91 241,608.48 241,608.48
TOTAL 8,882.99 22.53 0.00 22.53 0 0 _ 13,656,874.53 13656,87455
GR.HOUSE+TUNNELS 
____ ___ ___ ___ ___ 
____
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 464.69 464.69 0 1.06 0 0- -9,764.82 2,576,661.90 2,576,661.90
TOTAL 251.89 1.06 1 1 - 0.00 1.06 0 _ _ 2,576,661.90 2,576,661.90
OVERALL TOTAL 15,774.001 1 72.84 1 10.55 62.29 1,160,791 -211,053 18,868,208.33 20,028,9~55
147
CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Price Offered for Water (CP/CuM)
Total Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
0.09
120.00
42.00
7.00
52.00
25.00
1.00
78.00
Area Minimum Total Payment per Chenge In
Cropped Suval" Water Marginal Maximum Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total TotalCrop Type CpWater Used on Cost of % of Land Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Not
(HCa) Water Require- SCS Water per that may Fallowed in Water Water of Water to be Farms based Water to be to be under Profit excluding Profit including(Ha) Supplied ment Farms Net Profit Crop be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank
(CuM/ha) (Cu.MHa) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS___________
Grapes 653.07 2743.45 1530 1.79 -1018.34 -0.68 3200 208.98 109.21 2.11 0.25 1.54 22.82: -10.144 1.020.46 -452.236.18 -429.413.04
Citrus 5,0u7 8965.52 5000 47.58 -75.85 014 32.00% 1 356.90 690 6.73 40.84 60606 - 62 82.75 -273.718.43 332.344-96
TropicalFruit 482 11967.78 6674 0.06 463790 103 0.00% 0.00 476.41 9.21 0 0.06 0 0 22361.96 22.361-96
Olives 24923 4818.97 2688 120 191608 1.06 0.00% 0,00 191.83 3.71 0 1.20 0 0 -1.912.37 477.534.52 477.53452
Nuts 15.30 2535.15 1414 0.04 207850 2.01 0.00% 0.00 10092 1.95 0 0.04 0 0 -2.076.55 31.792.67 31.79267
Deciduous Fruit 410.00 520121 2901 2.13 7422.81 338 0.00% 0.00 207.05 400 0 2.13 0 0 -7.418.81 30433474 04334744
TOTAL 6,639.
3 
_52.80 1 6.99 45.81 6 -279.505 _ 2.849.081.9
SEASONAL CROPS I______ _____________ ___
Groundnuts 315.76 4140.63 0 131 462.50 0.18 0.00% 0.00 372.66 372.66 0 1.31 0 0 -8984 146,037.59 146.037.59
Colocasia 6965 1875000 0 1.31 9500.00 0.58 0.00% 0.00 1,687.5C 1.687.50 0 131 0 0 -7812.5 661696.5 661,696.53
Melons & Vegetables 1,525.38 4523.09 0 6.90 2380.73 060 000% 0.00 407.08 407.08 0 6.90 0 0 - 3631534.7 3,631,534.77
otatoes 5,488.60 2453.13 0 13.46 145365 0.66 0.00% 0.00 220.78 220.78 0 13.46 C 0 -1,232.800 7,978492.80 7.978.492.80
Vegetables 1,448.77 1701.23 0 2.46 1951.22 1.22 0.00% 0.00 153.11 153.11 0 2.46 0 0 -1798.11 2.826.858.83 2.826.858.8
Berries 34.83 4562.50 0 0.16 7883.59 1.80 0.00% 0.00 410.63 410.63 0 0 . -7.472.91 274.555.09 274.555.0
TOTAL 8,88299 25.60 0.00 25.60 0 0 15.519.175.60 15,51,750
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 380.20 380.20 0 1.06 0 0 -9,849.31 7190 2576661.90
TOTAL 251.89 1.06 0.00 106 0 2576661.90 2,7,1.l
OVERALLTOTAL 1 _15.774.00  _  1 79.4 6___7.8 628.8871 -279.505, 20.944.919.4 21.5 73. 1 AM
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CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Price Offered for Water (CP/CuM)
Total Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
0.08
130.00
45.50
3.50
55.00
28.50
1.00
84.50
Area Minimum Total Total Area Payment per Change in Total Total
Cropped Surval Water Marginal of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Agricultural AgriculturalCrop Type[SCS Water Used on Cost of Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Net Profit Net Profit
(Ha) Water Require- SCS Water per Land that Fallowed in Water Water of Water to be Farms based Water to be to be under excluding includingSupplied ment Farms Net Profit Crop may be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank
(CuM/ha) (Cu.M/Ha) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS I
Grapes 653.07 2901.72 1530 1.90 -1151.17 -0.69 14.00% 91.43 109.74 2.64 0.13 1.77 10,033 -6,271 1,153.81 -646,547.37 -636,514.01
Citrus 5,306.71 9482.76 5000 50.32 -85.75 0.13 14.00% 742.94 358.62 8.62 3.33 46.99 266,434 -166,521 94.37 -391,326.35 -124,8g2.68
Tropical Fruit 4.82 12658.22 6674 0.06 5242.85 1.02 0.00% 0.00 478.71 11.51 0 0.06 0 0 -5,231.34 25,278.74 25,278.74
Olives 249.23 5096.98 2688 1.27 2190.54 1.06 0.00% 0.00 192.76 4.63 0 1.27 0 0 -2,185.91 545,937.13 545,9371
Nuts 15.30 2681.41 1414 0.04 2349.60 2.00 0.00% 0.00 101.41 2.44 0 0.04 0 0 -2,347.17 35,939.54 35,93954
Deciduous Fruit 410.00 5501.28 2901 2.26 8391.00 3.37 0.00% 0.00 208.05 5.00 0 2.26 0 0 -8,386.00 3,440,305.80 3,40,305.80
TOTAL 6,639.13 55.85 1 3.46 52.39 276,46 -172,792 3,009,587.48 3,286,054_5
SEASONAL CROPS
Groundnuts 315.76 4720.31 0 1.49 527.25 0.18 0.00% 0.00 377.63 377.63 0 1.49 0 0 -149.63 166,482.851 166,825
Colocasia 69.65 21375.00 0 1.49 10830.00 0.58 0.00% 0.00 1,710.00 1,710.00 0 1.49 0 0 -9,120. 754,334.05 754,334.05
Melons & Vegetables 1,525.38 5156.33 0 7.87 2714.04 0.60 0.00% 0.00 412.51 412.51 0 7.87 0 0 -2,301.53 4,139,949.64 4,139,949.64
Potatoes 5,488 60 2796.56 0 15.35 1657.16 0.66 0.00% 0.00 223.73 223.73 0 15.35 0 0 -1,433.43 9,095,481.79 9,095,481.7
Vegetables 1,448.77 1939.41 0 2.81 2224.39 1.22 0.00% 0.00 155.15 155.15 0 2.81 0 0 -2,069.23 3,222,619.07 3,222,619 07
Berries 34.83 5201.25 0 0.18 8987.30 1.80 0.00% 0.00 416.10 416.10 0 0.18 0 0 -8,571.20 312,992.80 312,992.80
TOTAL 8,882.99 29.18 0.00 29.18 0 0 17,691,860.19 17,691,860_19
GR.HOUSE+TUNNELS _ _
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 337.96 337.96 0 1.06 0 0 -9,891.55 2,576,661.90 2,576,66190
TOTAL 251.89 - 1.06 1 0.00 1.06 0 0 2,576,661.90 2,576,6619
OVERALL TOTALO 15,774.00 86.09 1 1 3.46 82.64 276,467 -172,792 23,278,109.57 23,554,576.59
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CYPRUS DROUGHT EMERGENCY BANK
Southern Conveyor System Project
Price Offered for Water (CP/CuM)
Total Water Available (MCM)
Initial Allocation to Domestic Use (MCM)
Water Needed for Water Bank
Allocation to Permanent Crops (MCM)
Allocation to Seasonal Crops (MCM)
Allocation to Greenhouse Crops (MCM)
Allocation To Agriculture w/o Bank (MCM)
0.00
140.00
49.00
0.00
58.00
32.00
1.00
91.00
Area Minimum Total Total Area Payment per Change in
re "Survival" Water Marginal of Crop Hectare to Net Profit Total Water Total Gross Total Net Farmer Net Total Total
Crop Type Croped Water Used on Cost of Land Farmer for based on Total Quantity used on SCS Cost of Cost of Water Profits Agricultural Net Agricultural Net
(SCS Water Require- SCS Water per Land that Fallowed in Water Water of Water to be Farms based Water to be to be under Profit excluding Profit including(Ha) Supplied ment Farms Net Profit Crop may be the SCS Reallocation Sales Reallocated on Water Reallocated Reallocated Water Bank Water Bank Water Bank
(CuM/ha) (Cu.M/Ha) (MCM) (CP/Ha) (CP/CuM) Fallowed (Ha) (CP/Ha) (CP/Ha) (MCM) Bank (MCM) (CP) (CP) (CP/Ha) (CP) (CP)
PERMANENT CROPS
Grapes 653.07 3060.00 1530 2.00 -1284.00 -0.70 0.00% 0.00 0.00 -107.10 0.00 2.00 0 0 1,176.90 -838,545.34 -838,545.34
Citrus 5,306.71 10000.00 5000 53.07 -95.64 0.12 0.00% 0.00 0.00 -35000 0 53.07 0 0 -254.36 -507,534.17 -507,534.17
Tropical Fruit 4.82 13348.67 6674 0.06 5847.79 1.02 0.00% 0.00 0.00 -467.20 0 0.06 0 0 -6,315.00 28,195.51 28,195.51
Olives 249.23 5375.00 2688 1.34 2465.00 1.06 0.00% 0.00 0.00 -188.13 0 1.34 0 0 -2,653.13 614,339.73 614,339.73
Nuts 15.30 2827.67 1414 0.04 2620.71 1.99 0.00% 0.00 0.00 -98.97 0 0.04 0 0 -2,719.68 40,086.41 40,086.41
Deciduous Fruit 410.00 5801.35 2901 2.38 9359.20 3.37 0.00% 0.00 0.00 -203.05 0 238 0 0 -9,562.24 3,837,264.16 3,837,264.16
TOTAL 6,639.13 58.89 0.00 58.89 0 0 3,173,806.30 3,173,806.30
SEASONAL CROPS
Groundnuts 315.76 5300.00 0 1.67 592.00 0.18 0.00% 0.00 0.00 0.00 0 1.67 0 0 -592.00 186,928.11 186,928.11
Colocasia 69.65 24000.00 0 1.67 12160.00 0.58 0.00% 0.00 0.00 0.00 0 1.67 0 0 -12,160.00 846,971.56 846,971.56
Melons & Vegetables 1,525.38 5789.56 0 8.83 3047.34 0.60 0.00% 0.00 0.00 0.00 0 8.83 0 0 -3,047.34 4,648,364.50 4,648,364.50
Potatoes 5,488.60 3140.00 0 17.23 1860.67 0.66 0.00% 0.00 0.00 0.00 0 17.23 0 0 -1,860.67 10.212,470.78 10,212,470.78
Vegetables 1,448.77 2177.58 0 3.15 2497.56 1.22 0.00% 0.00 0.00 000 0 3.15 0 0 -2,497.56 3,618,379.31 3,618,379.31
Berries 34.83 5840.00 0 0.20 1009100 1.80 0.00% 0.00 0.00 0.00 0 0.20 0 0 -10,091.00 351,430.51 351,43051
TOTAL 8,882.99 32.77 0.00 32.77 0 0 19,864,544.77 19,864,544.77
GR.HOUSE+TUNNELS
Greenhouse & Tunnels 251.89 4224.44 0 1.06 10229.51 2.49 0.00% 0.00 0.00 0.00 0 1.06 0 0 -10,229.51 2,576,661.90 2,576,661.90
TOTAL 251.89 1.06 0.00 1.06 0 2,576,661.90 2,76661.90
OVERALL TOTAL 15,774.00 , 92.72 1 1 1 1 1 _ 0.00 92.72 0 0 25,615,012.98 2 12.98
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APPENDIX C: GAMS MODEL
151
Water Bank Model
*OPTION SOLPRINT = OFF;
*OPTION LIMCOL = 7; OPTION LIMROW =13;
OPTION ITERLIM = 15000;
OPTION RESLIM = 15000;
OPTION OPTCR =0;
SETS
P permanent crops /citrus, grapes, olives, dfruits, tfruits,
nuts/
T temporary crops/ mveg, vegetables, potatoes, colocasia,
groundnuts, berries, grtu/;
PARAMETERS
WRP(P) Permanent Crop Water requirement
citrus 10000
grapes 3060
olives 5375
dfruits 5801.4
tfruits 13348.7
nuts 2827.7/
WRT(T) Temporary Crop Water Requirement
152
mveg 5789.6
vegetables 2105.2
potatoes 3140
colocasia 24000
groundnuts 5300
berries 5840
grtu 4224.4
MAP(P) Permanent Crop Maximum Area
citrus 5306.7
grapes 653.1
olives 249.2
dfruits 410
tfruits 4.8
nuts 15.3/
MAT(T) Temporary Crop Maximum Area
mveg 1525.4
vegetables 1448.8
potatoes 5488.6
colocasia 69.7
153
groundnuts 315.8
berries 34.8
grtu 251.9
CPP(P) Permanent Crop NET Profitability
citrus -95.64
grapes -1284
olives 2465
dfruits 9359.21
tfruits 5847.79
nuts 2620.71
CPT(T) Temporary Crop Net Profitability
mveg 3047.34
vegetables 2463.8
potatoes 1860.67
colocasia 12160
groundnuts 592
berries 10091
grtu 10229.5
154
NPEP(P) Permanent Crop NET Profitability excluding irrigation costs
citrus 604.36
grapes -1070
olives 2841
dfruits 9911.5
tfruits 6782.12
nuts 2818.66
NPET(T) Temporary Crop NET Profitability excluding irrigation costs
mveg 3452.65
vegetables 2606.26
potatoes 2080.33
colocasia 13840
groundnuts 963
berries 10500
grtu 10524.87
;
WRP(P) = WRP(P)/1000000;
155
WRT(T) = WRT(T)/1000000;
SCALARS
ST storage in dams from previous year /10/
EVAP evaporation in an average year /6/
QRO quantity of desal water produced /14.6/
QRU quantity of reuse water produced /3.5/
QD predicted domestic domestic demand at current price /49/
PD average current price of domestic supply /0.43/
BD exponent in domestic demand curve equation 1-5/
CF cost of conveying irrigation water /0.03/
CT cost of treatment of domestic water /0.07/
CRO cost of desalination of seawater /0.26/
CRU cost of tertiary treatment of secondary treated sewage /0.26/
CGW cost of pumping of groundwater /0.11/
CD cost of conveying domestic water /0.18/
CO Carryover storage /10/
AD domestic demand parameter
TS total supply available in current year
FS surface water captured after rains /10/
QGW quantity of groundwater pumped /30/;
AD = PD/(QD**(BD));
TS=QGW+QRU+QRO+FS+ST-CO-EVAP;
VARIABLES
XP(P) Original Allocation of IRRIGATED AREA of crop P
XT(T) Original Allocation of IRRIGATED AREA of crop T
XSP(P) Optimum area to irrigate of permanent
XST(T) Optimum area to irrigate of temporary
Z net benefit overall
AFP(P) FALLOWED AREA of crop P
AFT(T) FALLOWED AREA of crop T
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AFTT total fallowed area
FI fresh water to allocation irrigation
IFW irrigation demand for fresh water
PMIN survival supply to permanent crops
QDS Optimum quantity to domestic
REM reamining irr after permanent survival irrigation supplied
QIS optimum quantity to irrigation
POSITIVE VARIABLES
FI, IFW, REM, QDS, QIS,
AFIT, AFP(P), AFT(T),
XP(P), XT(T), XSP(P), XST(T);
XT.UP(T) = MAT(T);
XST.UP(T)= MAT(T);
XP.UP(P) = MAP(P);
XSP.UP(P)= MAP(P);
AFTT.LO = 0.1;
REM.UP = 1;
QDS.LO = 1;
EQUATIONS
IRR irrigation demand for fresh water
ALLOWI standard allocation to irrigation
SURVIVAL minimum irrigation to enable permanent crop survival
157
PRIOR Initial allocation of survival supply to permanent crops
REMAINDER allocation of remaining irr after survival allocations
REMP(P) allocation of remainder to permanent crops
REMT(T) allocation of remainder to temporary crops
LIMIT Limit of total supply available
SHAD calculation of optimal areas of crops
* SUPPLYI Constraint of survival supply to permanent crops
INCOME Net Benefit from water consumption
FALOP(P) area of permanent crops under fallow
FALOT(T) area of temporary crops under fallow
FALOTT total area under fallow
IRR.. IFW =E= SUM((T),MAT(T)*WRT(T))
+ SUM((P),MAP(P)*WRP(P));
ALLOWI.. F =E= (TS - 0.75*QD);
SURVIVAL.. PMIN =E= SUM((P), MAP(P)*WRP(P)/2);
PRIOR.. F =G= PMIN;
REMAINDER.. REM =E= (FI - PMIN) / (IFW - PMIN);
REMP(P).. XP(P) =E= REM * MAP(P);
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REMT(T).. XT(T) =E= REM * MAT(T);
LIMIT.. TS =E= QDS + QIS;
SHAD.. QIS =E= SUM(P, XSP(P)*WRP(P)) + SUM(T, XST(T)*WRT(T));
* SUPPLYI.. QIS =G= PMIN;
INCOME.. Z =E= SUM((P),NPEP(P) * XSP(P))
+ SUM((T), NPET(T)*XST(T))
+ (1e6* AD*(QDS**(BD+1))/(BD+1))
-le6*((CF)*(QIS - QRU) + (CRU*QRU)
+(CT+CD)*(QDS-QRO) + (CRO+CD)*QRO);
FALOP(P).. AFP(P) =E= XP(P) - XSP(P);
FALOT(T).. AFT(T) =E= XT(T) - XST(T);
FALOTT.. AFTT =E= SUM(P, AFP(P)) + SUM(T, AFT(T));
MODEL WB 1 /ALL/;
SOLVE WB1 USING NLP MAXIMIZING Z;
DISPLAY XP.L, XT.L, XSP.L, XST.L,AFP.L, AFT.L,
TS, FI.L, QDS.L, QIS.L, LIMIT.L, Z.L;
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